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KGROUND OF THE | N\/El\ﬂ'cc% ga Techni caﬁ Fi el d: : Thi s i nvention

kelzates to slider-suspension assenblies for data recording information
storage syst-ems and to g t-hod. f or making such assenblies. In particular,
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i nvent fen rIPS’P%@al T rrproved sl i der -

This invention’ relates to shder-suspensnon assemblles for data
recordlng information storage systems and to a method for making such
assemblies. In pamcular, the invention relates to an improved slider-
suspensien assembly for a magnetic storage.system and a method for

electrically connecting the slider to the suspension.
2. Description of the Related Art:

Information storage devices, _which include magnetic storage devices
and opt._ical data storage systems, utilize at least one rotatable disk with
concentric data tracks'contairiing the information, a transducer for reading
data from or writing data to the various tracks, and a head positioning
actuator connected to a head for moving it to the desired ‘track and
mainta’ining it over the track centerline-during read or write operations. The '
transducer is attached to a head (or "slider") having an air bearing surface
which is supported adjacent the data surface of the disk by a cushion of air
generated by the rotating disk. The slider is attached on its back side (the

.side opposite the air bearing surface) to the suspension, and the suspension

*'is attached to an actuator arm of the head positioning actuator.

The suSpensioh provides dimensional stability between the slider and
ae;tuat.or arm,. controlled flexibility' in pitch and roll motion of the slider
relative td its direetion of meti'on c_n. the rotating disk, and resistance to yaw
(radial) motion. The suspension typically provides a load or force against the
slider which is compensated b\j the force of the air bearing between the
slider’s air bearing surface and the disk surface. Thus_, the slider is

maintained in extremely close proximity to, but out of contact with, the data
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‘magneti c storage devices and optical data storage systenms, utilize at |east
one ot at ablastaghed ta the othereend of thatlaad heam anshsuppeng thaesliderorthe i on,

a transducer, dj . riti At d ks,
ond 3 head. 19ef PeRRTHoVg IR rSENEinrlid Ao SPBn agel b il obhf 12
desi ged tragkeudfacel ot thierdisk) whil®wed flekard pankides fegidilityefor the sidércagl or
wite operations. The transducer is attached to a head (or "slider") having

an abr bear ithg sider tides anthe cushioni@in etvepn the airhearingruriageandthe the
di S__k7by a cyghliHy 8lsk@ Such a suspension is described in United States Patent No.

8 4, 167,765, which is assigned to the same assignee as this applicé_tion. An
9 -example of a conventional slider is described in United States Patent No.
10 3,823,416, which is assigned to the same assignee as this application.
11 , '
12 : In the conventional slider-suspension assemblies, the slider is
13 | mechanically attachéd to the _ﬂexure of the suspension by epoxy bonding.
14  The electrical connection between the transd ucer and the disk drive
15 ~ read/write electronics is made by twisted wires which run the length of the
16 suspension load beam and extend over the flexure and slider. The ends of
17 the wires are ultrasbnical'ly bonded to the transducer leads on the slider.
18 The fabrication of such a siider-sﬁspension requires manual assembly and is
19 thus time consuming and costly. ' '
20 | |
21 Another type of suspension is a composite or laminated structure
22 comprising a base layer, a patterned conductive layer with battern_ed
23 . electrical leads formed thereon, and an insulat_ihg' layer in between, as
24 described in IBM Technical Disclosure Bulletin, Vol. 22, No. 4 (September,
25 1979), pp. 1602-1603. In this laminatéd suspension, the slider is epoxy
26 bonded to the laminated suspension and thé transducer leads are sbldered
27 ' to the electrical leads formed on the suspension. |
. 29 Another laminated structure type of suspénsion is comprised of a base
30 layer of stainless-steel, an insulating layer of polyimide formed on the base
31 ~layer, and a patterned conductive layer of etched copper alloy formed onthe
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8
9 There are several disadvantages associated With the slider-susp_ension
. 1_0 | assembly proceés described in Unitéd States Patent No. 4,761,699. In
11 order to carry out the procéss. the etched flat cable on the suspension must
12 undergo further processing to have an insulating passivation layer formed on
13 ; 'thé cable to prevent shorting between the slider and the cable. Vias must
14 be 6penéd through the passivation'layer in order to make electrical contacts
15 . with the slider, and solder bumps must be teflowed both for mechanical as
16 well as electrical termination. The slider must also undergo vacuum
17 processing to provide solderable metallized contact pads on the back side
18 of the slider for mechanical 'attachment. Moreover, the head-suspension
'19 assembly must be heated in an infrared belt furnace for reflow of the solder
20 bumps which subjects thé slider and MR head to high temper'atures. Such
21 a reflow also requires some kind of flux which might induce corrosion on the
22 MR head. An additional stép is required to clean off the flux subsequent to
23 the réflow. Addiiio'naliy, this process is batch type and is not Continuous
24 Flow Manufacturing (CFM) or automated assembly line compatible.
25 _ | : .
26 . The process described in 1BM Technical Disclosufe Bulletin, Vol. 36,
27 - No. 2, Ft;b_rha'ry,.1993, p 371, uses e:po'xy for mechanical attachment of
28 the slider. The ends of the cbpper alloy leads of the suspension are bent up
29 from the surface of the sdspension and soldered to the head termination
30 pads using the batch type réflow_process. Thié' process brings in a tooling
31 complexity td hold the leads against the solder pads on the slider during the.
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tolerance in the alignment of the slider to the suspension when it is
mechanically attached, while provudlng a simple and effective method of

electrical connectidn between the thin-film magnetic head transducer and

the suspension leads. It would further be desirable to provide a method of
soldering the transducér terminaii,on pads to the lead pads of an etched
copper cable by a process without 'the use bf flux and the need for
subsequent cleaning. it would be still further desirable to provide a method
of soldering the transducer termination pads to the lead pads of an etched
copper éable by a process such that the head and the suspension_ are not
subjected to heat éxposure, thus preventing high temperature exposure and
magneiic degradation .to temperature sensitive components like an MR head.
It would be still fu_rther desirable to provide a process for. suspenéion lead
and head termi'n.ation pad connection that does nbt require a furnace reflow

process, thus making the process CFM compatible.
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head transducer and the suspension leads.

~ Itis another aspect of the present invention to_provi&e a method of
soldering the transducer termination pads to the lead pads of an etched
copper cable by a process without the use of flux and the need for

subsequent cleaning.

It is yet another aspect of the present invention to provide a method

and i s
s a

of soldering the transducer termination pads to the lead pads of an etched

copper cable by a process such that the head and the suspension are not
subjected to heat exposure, thus preventing high temperature exposure and

magnetic degradation to temperature sensitive components like an MR head.

It is still yet another aspect of the present invention to provide a
process for suspension lead and head termination pad connection that does
not require a furnace reflow process, thus making the process CFM

compatible.

According to the present invention, a method for the fabrication of a
data recording disk drive slider-suspension assembly is provided. The slider
being of the type having an air bearing surface, a back side opposite the air

" bearing surface and a trailing edge having a read or write transducer formed

as a thin film thereon with electrical leads formed solely on the trailing edge
and terminating adjacent the slider back side at termination pads. The
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6 that the termination pads are properly aligned with the contact pads, and
7 heéting'th'e solder bumps so as to reflow.the termination pad and contact
8 pad bumps such that they electrically connect, wherein a selectively
9 | flattened bump expands radially in a direction to make contact with another
10 bump upon heating. | ' |
1 '
12 | According to the present invention, a slider-suspension assembly for.
13 a magnetic storage system is provided. The slider-suspension assembly
14 compris.es a slider having an air bearing surface, a back side opposite the air
15 bearing surface and a trailing edge oriented generally pe_rpendicular'to'the
16 back side and the air bearing surface. Also, a thin-film transducer formed
17 on the trailing edge of the slider and having electrical leads terminating at
'18 , termination pads located on the trailing edge, a suspension having a
19 conductive lead structure in¢luding contact pads, the back side of the slider
20 being mechanicall_y attached such that the contact pads are aligned with the
21 termination padS. A plurality of right angled solder fillet joints are electrically
22 ~ connecting the contact pads to the termination pads, each fillet being
23 formed by heétiﬁg two adjacent solder bumps formed on pads so as to
24 reflow the two solder bumps together to create an electrical connection, one
25 bump being attached to a termination pad and the other being attached to
26 a conta‘bt pad, wherein one or both .--so_lder' bumps are selectively flattened
27 . such t_hat itis not formed in the 'r.:'at"tjr'a'l" hemispherical shape that the solder
28 bump would attain if liquefied, and such that the bump will expand radially
29 in all directions when returning to its natural hgmispherical shape upon
30 reflow, whereﬁpon heating, one dr more bumps expand in a direction to'
31 make contact with another bump.
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3insulating la s descri Unlte St at s Pat ent. 996, 623. The .
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sus@ensi on descriptmna recording disk file has been described in United .
States Patent No. 4,761,699 and | BM Techni cal Disclosure Bulletin, Vol. 36,

No. 2, February, 1993, p. 371. There are several'disadvantages
associated with the sli der suspensi on -
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.assenbly process descri bed in United States Patent 761, 699. In order
to chrry out the processB E%WBHQ%OEM%WM G§t|spen5|on nust
UJnde%go further processing to have an insul ating passivation |ayer forned
the cable to prevent shorting between the slider and the cable. Vias
nmust3 be opened t Mheugdvéinfearacss beném chyeacteistie aérthieoinention ace secal
contacts with the slider, and sol der_bunps nust be refl owed both for

necthni cal é@nhe'ﬂlthésa@%"!ﬁqq Elﬁ'mﬁerm‘ﬁdﬂ}/ﬁ‘ﬁ'oﬁﬁéegl henveveirses el asRier go
vacuyim proces t | I back
Si deyof the” ?feg%rd rﬁoBE%‘f r’nsfgatﬂg ?pg%ﬁ ?édlv‘é oqcléegr]{r?etqﬁgpﬁ\gglciggﬂts%@en5| on
~asseadrbl y nusindeestbedt by referencef toarhe Holldwing rdeteilédr desdripionf of han

sol der bunps. which subjects the slider and MR head to high tenperatuyres.
Such’ a refl aJWsawaéwer%rabpﬂgge%qu Feag{n FPUIF’WWPEhWI'ﬁth%e PREBEWAWIRDsi on
on tdie MR hgagl, @gq?qége;rpnal step is required to clean off the flux '
subsequent to tf’u feflow. Additionally, this process is batch type and is
not 9onti nuous Fl ow Manufacturing (CFM or automated assenbly |ine

C_OH‘POa tible. ~ Figure 1 depicts a magnetic disk storage system;
» | ) .
12 Figure 2 depicts an exploded view of a disk drive;
13 | | | | |
14 ' Fi'gure'3 shows a conventional slider-suspension assembly; -
15 . . . .
16 Figure 4 depicts the slider end of the slider-suspension assembly of
17 the present invention; | :
18 . .
19 Figure 5 depicts a perspective view of the slider-suspension assembly
20 according to the present invention;
21 '
22 ' Figure 6 de'picts an elevational front and side view of a slider
23 according to the present invention; |
24 ' | _ _
25 .- Figure 7 shows.a perspective view of a slider having selectively
26 flattened solder bumps a_cco'rdin_'g_ to the bresent invention;
27 o |
'28 ' Figure 8 depiéts a laminated suspension having a flattened solder
29 bump according to the present invention; _
30 |
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The process described in | BM Techni cal D scl osufe Buléﬁtl n, Val 36i No. 2,
Febrlary, 1993, FigweB depiets %BGR%P%Weﬁ’é%WaFPﬁ% migated susRRNYIPN IRYING | ger |

The nds of Fg@%g gpﬁéné.héa’% Rbs 5@80 ﬁQQB%QQ'b@E@nPﬁWen‘t‘ianromthe

surf ce of enaron-ang sol dered to head term nation pads usi ng
t he atch type refl ow process. Th| S process brings in a tooling conplexity

to hold t'he | eads_ agai nst the sol der ds, on the r
REPIS\CENVENT SHEEftgu%e 10 depucts a process fa or the assembfy o.g the gl%er-sq.lspensmn

5 assembly, according to a preferred embodiment of the present invention;
Y A Figure 11 depiéts a perspective view of a slider-suspension assembly |
. 8 during the process of the preseﬁt i_nvention:

9 _ |
10 Figure 12 depicts a perspective view of_ the slider-suspensiqn
11 assembly of ihe present inventiqn; and |
12 |
13 ' ; Figure 13 depicts a process for the assembly of the slider-suspension
14 assembly, according to a préferred embodiment of the present invention.
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4 reflow process. In addition, this process has the disadvantages
assotiated with a M'EAILEWEESGRIBWC&I&&P@%R@ D&M@N@g

'\M_)u|£ be desirable to provide a nmethod for the fabrlcatlon of a data
recofdi ng disk drive slider-suspension assenbly that allows for sone

tol egance in the lﬂiﬁcﬂ.ﬁﬁ’f?%eobréé&\tsldmﬂldrp i§ h@escritpeth sasoremibediedt in sa
mechani cal ly attached, while providing a sinple and effective netho

el ecérical G‘O&@@@!‘) dﬁkbﬁpm\tﬂiéﬂt% ﬁhﬂwmﬁgﬁéﬂ ile ithwilbe F’&H§Eﬁmégaénd
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coppgr cabl eshan apticacésa mt&qbe@ygtbm o8 maghétix tape rédordingesyystem, for

subsequent cleanln It woul d still further desirable to provide
met héd of scﬂ)@@mlﬁg Ateastenesotatable BYagnaHcidisk pdd<is sypPPREed o ﬁaﬁ'é’?%f an
et Chﬁd | 214 and rotated by a disk drive motor 218. The magnetic recording media
9 on each disk is in the form of an annu!ar pattern of concentrlc data tracks
10 - {not shown) on disk 212.
11 _ , :
12 At least one slider 213 is positioned on the disk 212, each slider 213
13 is suppomng one or more magnetlc read/write heads 221. As the disks
14 rotate, the sliders 213 are moved radially in and out so that the heads 221
15 may access different portions of the disk surface 222 containing the data.
16 Each slider 213 is attached to an actuator arm 219 by means of .a
17 suspension 215. The suspension 215 provides a slight spring force which
18 biases the slider 213 egainst the disk surface 222. Each actuator arm 219
19 is attached to an actuator means 227. The actuator means shown in Figure
20 1 is a voice coil motor (VCM), but it may also be a stepper motor. The VCM -
21 _ is a coil moveable within a fixed megnetic field, and the direction and
22 velocity of the coii movements is Controlled by the current supplied.
93 " . . .
24 During operation of the disk storege system, the rotation of the disk
25 . 212 generates an air bearing between'the slider 213 and the disk surface
26 " 222, The air bearmg thus counterbalances the sl:ght spring force of the
27 suspension 215 and supports the slider 213 off the disk surface by a small,
28 substantially constant spacing during ope_ratnon. Although an air bearing is
29 desCribed with the preferred embodiment, any fluid bearing may be used
30 including an oil lubricant.
31
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éopper cable by a process such that the head and the suspension are not
subj ected to heat exposure, thus preventing high tenperature exposure and
magngti c degr adatTvaﬂnoﬂ:sanpmmimm&s of ke wiskestorage sysitesn lark coatrolrdiiead.

|t ld be still her d bl e t f
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REPLACEMENT SHEET

4 logic control circuits, storage means and a mxcroprocessor The control unit
5 | 229 generates control sxgnals to control various system operations such as
6 motor control signals on line 223 and head position control signals oh line
7 228. The control signals on line 228 provide the desired current profiles to
8 'optimally move and bos‘ition a selected slider 213 to the desired data track
9 on the associated disk 212. Read and write signals are communicated to
10 " and from read/write heads 221 by means of recording channel 225, which
11 includes conductor lines running along suspension 215 and actuator arm
12 219.
13 o
14 'The above description of a typical magnetic disk storage system, and
15 the accompanying illustration of it in Figure 1 are for representation
16 purposes only. The invention des¢ribed in this application is useful with all
17 mechanical configurations of magnetic storage system disk drives or d'ire_ct
18 access storage devices ("DASD"). It should be apparent that diSk storage
19 systems may contain a large number of disks and actuators, and each
20' actuator may support a number of sliders. For example, Figure 2 is an
21 _exploded view of a disk drive 310. It should be n'oted that although a rotary
22 . ‘actuator is shown the invention described herein is also applicable to linear
23 éctuatofs. The disk drive 310 includes a housing 312, and a housing cover
24 314 which, after assembly, is mounted within a frame 316. Rotatably
25 - - -attached wuthln the housing 312 on an actuator shaft 318 is an actuator.
26 arm assembly 320. One end of the actuator arm assembly 320 includes an
27 E block or comb like structure 322 having a plurality of actuator arms 323.
28 Attached to the séparate_arms 323 on the comb or E block 322 are spring |
29 ~ suspensions 324. AttaChed at the end of each spring suspension is a slider
30 - 326 which carries a magnetic transducer (not shown in Figure 2). On the
Page - 12 -
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SUMVARY OF THE | NVENTI ON It is therefore one aspect of the present
invention to provide a method for the fabrication of a data recordi ng di sk
drive sli destheuepdattheactsstonann essambly 3@ opppsie e £811ag §H§eevﬂ°f‘ﬁe

al i gnment of _the slider, to the. s Si.on nit is mechanically attached,
whife provi%ﬁ‘%_@"& tb?r?ﬁ'ﬂ@’%ﬁﬁe?f%?@?é&eé%%% of electrical connection
betyeen the thin-fil mnmagnetic head transducer and the suspension | eads.

It T's another aspect of the present inyention to Qrovi de t hqd of,
soldlering the trAtachetwithinthadidusingad< s Pak 9 éﬁ%ﬂ?ﬁé&gg- &P8led

288 gaugﬁ? l{fl rgégﬁﬁérQﬁssasnd'%eh%&et@cﬁl 458 Qe £y paAS b dGoREE Lol Photor

6 which applies a force to the actuator assembly 320 to rotate it about the

7 actuator shaft 318_.' Also mounted within the housing 312 is a spindle shaft

8 332. Rotatably attached to the spindle shaft 332 are a number of disks .

9 | 334. In Figure 2 eight disks are attached to the spindle shaft 332. The
10 ~ disks 334 are aﬁa‘ched to thé spindle shaft 332 in spaced apart relation.
11 . _
12 ' - The present invention is an information storage system with an
13 | improved slider-suspension assembly. For an example of a prior art
14 subasse-mbly, see Figure 3. The suspension comprises a load beam 100 and
15 a flexure 120 located af_.the end of load beam 100. The suspension is
1_6 attached to the disk file actuator arm (not shown) by means of a mounting
17 plate 140. The slider 160 is a conventibrial slider formed of ceramic
18 m'a'terial, such as a mixture of alumina (Al,0;) and titanium carbide (TiC).
19 The slider 160 has an air bearing surfa¢e 180, which includes two rails 120,
20 - 122, a back side 124 opposite and generally parallel to air bearirig surface
21 180, a leading edge 125 and a trailihg edge 126, both o.f which form end

.22 . faces oriented generally perpendicular to air bearing surface 180 and back
23 side 124. Slider 160 is secured to flexure 120 by an epoxy bond between
24 back side 124 and flexure 120.
25 | S e
26 . Located on the trailing edge 126 of slider 160 are two thin-film
27 ~read/write transducers 128, 130. Typically, multiple thin-film transducers
28 are formed on a single sl.ider, even though only one transducer is active as
29 a read/write element, in order to improve the yield of the slider during the
30 thin-film fabrication prot:ess. The tt"_ansd'ucers 128, 130 have pole tips 129,
31 - . 131, respectively, which extend tIOWard 'the edge of respective rails 120,
Page - 13-
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It is yet another aspect of the present invention to provide a nmethod of
sol dering the transducer termnation pads to the | ead pads of an etched
coppdr cabl e12®. Tramsthaes 128chag electridat ldedsd1 380 186 spasducer HWIQ hast
~subj gcted to heat exposure. ih revent {ng high tenperature exposyre and
Tegndti ¢ dedrecticabieads 18hplid fof EoRaRRian Y the FRASIBHItE Sleqteonihs Bk thead.
It ig still yek g@det her aspect of the present invention to provide a

~process for suspension | ead and head term nation pad connection that does
not 4equire a furnace reflow process, thus making the process CFM

conpat i bl e. .
rrpg In the prior art suspension shown in Figure 3, the electrical

6 attachment to the read/write electronics is made by twisted wires 134
7 which extend from the read/write electronics of the magnetic storage
8 system, through a tube 136 on load beam 100 and out the end of tube 136.
9 The ends of wires 134 are ultrasbnically bonded to the leads 133, 135 of
10 active trahsducer 128. The electrical connection of the tiansducer 128 by
1 'means of the twisted wires 134 is méde by manual fabrication.
12 | | |
13 : Referring now to Figure 4, the slider-suspens_ibn assembly a preferred
14 embodiment of the present invention is illustrated where slider 1 is both
15 mechanically and electrically connected to a composite or laminated
16 suspension 3. The suspension 3 cbmprises a base layer'11, an insulating
17 ~ layer 10 formed on the base layer 11, and a patterned cohductive layer 9,
18 12 formed on the insulating layer 10. The base layer 11 may be a stainless-
19 steel sheet. The ins_ulating layer 10 may be a polyimide layer and the
20 patterned COndQctive layer 9, 12 may be a copper layer. The back side 13 |
21 of slider 1 is mechanically attached to suspension 3. This is accomplished
22 by epoxy adhésive 8 which adheres the back side 13 6f slider 1 to
23 | B susbension 3. A!ternatively_, the suspension 3 could be formed as a etched
24 - flex cable bonded to a stainless steel base layer.
25 | | )
26 - At trailing edge 18 of slider 1, a thin-film transducer 14 is formed.
27 | This thin-film transducer may be any type of magnetic transducer including
28 | ' a read/write inductive head, a magneto-resistive (MR} sensor, or an MR
29 head. The pole tips of transducer 14 extend out to the end of the trailing
30 edge 18 where it meets the fluid bearing surface 2, here an air bearing. The
31 conductive leads for transducer ‘.1'4 terrhinate at two electrically separate
Page - 14 -
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Accor di ng to the present invention, a nethod for the fabrication of a data.

recordi ng disk drive sllder-suspen5|on assenbly is provided. The slider

bei qg of t hgarkiRSLIGARPaAS BN ernuhﬁwfi ﬂ6d§l5 bac electrib&ink cehAéctedp@stwe t he
surface and a trail l%d cg@ having a read or wite transducer
cgaeer

air bearing
for @d as acomaq:tmarim%bvwhtang
i ng ed

trai
- pads.
4

The

© © N o o

10
11

13
14
15
16
17

18 .

19
20
21
22
23
24
25
26
27
28
29
30
31

fidket JOI"éféd‘s,G £ GonsackrAds y2aHet he

8§na&dtt{[eeééplcﬂﬁ:tﬂ\)&gieggjsﬁ%%%retQt%h%l 4 986 tné%tgrﬂgd YonGicBigat i on

layer'9, 12. The conductive lead structure contains conductor lines that
travel the length of the suspension 3 and make connection to actuator arm-
electronics termination pads or an electronics package (not shown in the
figure) that delivers signals to the disk drive read/write electronics. Thus,
these conductor lines transmit signals generated by the transducer 14
representative of data bits recorded in the magnetic storage medium passing
o.ver transducer 14 at air be_aring surface 2 to read/write electronics of the
magnetic storage -system. However, the conventional conductive lead
structure of a twisted pair of wires may also be used in the present

invention.

Referring now to Figure 5., there is depicted a perspective view of the
slider-suspension assembly according to the present inyenti_on. The
magnetic transducer has electric.al leads formed on the trailing edge 18 and
terminating at termination pads 5 that extend down almost to the corner
defined by the back side 13 and trailing 'edge 18. This perspective shows
that slider 1 has two thin-film transducers formed on trailing edge 18. Each
transducer has two electrical leads that terminate at termination pads 5.
Alternatively, the termination pads 5 comprise the four leads of an MR head.
Termination pads 5 are c_onnected to the suspension termination pads 12

and conductive’ lead structure 9 by right angled solder fillet joints 16.

The process of assembling the slider-suspension of the pfesent
invention begins with the fabrication of the slider. Referring to Figure 6, the
slider 1 is fabricated using a photolithographic deposition-etching process.
The thin-film head is deposited in layers on a wafér formed of a ceramic
material, such as a mixture of alumina (Al,0,) in t:tamum carbide (TiC). The
last two masks used in this photohthographlc process are a copper stud

_ Page-15-
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suspensi on havi ng etched conductive | ead structures and conductive contact
pads connected to the |ead structures.

_for ng a s

cont act pad rern one or nore sol unps are selectively flattened,

mﬁchznjln cal | coppeaphditing whichbereiates teérmmatumngds @erAﬂ@Wﬁ@Pfﬂl@pﬁﬁ?ﬁ 8¥etuch
that_the term nation pads are I e

heat$ng t he '$458d PEAYYEEE “&99&5%‘@% %5% yﬂpg%%%aéﬂpg}l&%a onteact

pad Qunps SygiprbPéd atiheyiof! GS‘dlﬂéﬁ%' thercappiret to eheh oif the. teahmaumepgds

flattened bunp expands radi al

bunpSupon héat ihgse solder bumps 8 aengomposerd of :selder pHowYhiER haye been

slidgr-susp

156 SUPSREaH 58 Aol S, PP PSS TP 05} Y e T

surface, a RifknSoltheCtdrPer idefinBd By the back side of the slider and the tralhng

8
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

edge. Once the slider is bonded to the suspension, these solder bumps
extend up to the suspension'éurfacé. Sliders used in the prior art had solder
bumps on the transducer’s termination pa.ds which were small, of circular
cross-section and with rounded tops, for example see United States Patent
No. 4,761,699. The present invéntion provides a slider with solder bumps
on the transducer termmatlon pads which are large, of a square or
rectangular cross-section and with flattened tops. This can best be seen

with reference to Figure 6 and anure 7.

There are several methods of épplyin_g the solder. In one method, a
500-1000A thick layer of immersion gold is plated over copper termination
pads 5. Solder paste, such as a 58% Bl-42% SN, or 63% SN-37% PB, or
any other solder alloy suitable for this application, is then screened using a
screen printer.,' ‘and the paste reflowed in a multi-zone infrared furnace
having a nitrogen atmosphere. The solder flux is then cleaned from the
wafer. In anothér method, the-solder is applied to the termination pads 5
by electroplatmg or vapor deposmon, both of which are well known by
those skilled in the art.-

The 'bumps created by electroplating or vapo'r deposition are naturally
formed w:th flattened tops. The solder bumps which have been created by
the reflow method are of a round, generally sphencal or hemispherical
shape. This is due to the natural tendency of the solder to attain a mlnlmum

surface energy upon reflow. Thus, while in a hqund state, the solder will
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bearing surface and'a trailing edge oriented generally perpendicular to the
back side and the air bearing surface. Also, a thin-filmtransducer forned
on' ghe tr ai forigtisig geatofalt emispheeicahdundvsimapes| edtcording Iteatte peesentat i ng

at term nation pads |ocated on the trailing edge ensi qn havi ng
conductive iFHﬁﬁgg'ﬂf atter the iselderareRys done a%’%dp%gé‘?'- t ,S lézg‘e{bseléiotﬂ'@""#lﬁr}%ea
sliger being I.ca] | 3. a : e t abkgned ,
with the tgﬁanﬁ'g{qigfr? ?aﬁeﬁhpﬁ‘%@ﬁs?yq%ﬁogﬁp gsr;ig edé'solo-ggr% ?Pngeijgoi nts
?_r leftel egt r iamicd_r;rpld:sclimlclelwh blug:_im@ehe@vdnfg_cﬁn pandtech?rcliicbbgtessnh}imm @rgwpmlydeach :
illLet being forned. eating two adjacept sol der rm .

as Po refl ashes %‘?éﬂ.’ﬂ@rﬂl?g?ﬂige't Bﬁé\pﬁeé] “Pﬂfg?etéfe?g%nﬁgé 88?’?‘?‘6&2'&% >0
congect i ON, atiiife BvEMRralfhg e 3@3%% Quifbrh§tive AbtRYY RACAARENINYE seldeer

bei ng attached to a contact pa ereln one or both sol der bunps are
sel &ct i vel ybiras beisdd place weightsi aversobder fumpddand ther refiew the solder.

henm,spherical ,sh th th | d b | d tain if Li fi d :
cuch That  (hanuRh b yiiderkisad Srakathars are oany ahpEcvavmte iHe 8Bt ng <o
i t sgnat ural b@ﬁ@épﬂﬂreﬁ%r,ﬁﬁé@a&oﬁ’l@ny angles and shapes that solder bumps 6

10 may retain for practicing the present invention; all that is necessary is for

11 the solder bump to be deformed or flattened such that it does not retain the

12 natural hemispherical reflow shape.

13 _

14 Figure 7 shows. a perspective view of a slider with flattened solder
15 - bumps on its termination pads, according to the present invention. As

16 shownin the preferred embodiment of Figure 7, flattening has created solder

17 bufnp thicknesses, as "measured along the axis perpendicular to the trailing

18 _ edge, that are less than the bump width or length. '

19

20 The .p'rocess continues by dicing the wafer in the usual manner to

21 yield sliders. The sliders preduced have solder pads with thicknesses

22 be_tween 25 micrometers and 150 micrometers or between 5% to 15% of

23 the width of the.slider. The flattened bumps used on the slider of the

24 - present invention avoid many of the processing disadvantages associated

25 with the round, hemispherical solder bumps used in the prior art. The

26 flettened bumps provide large surface areae for lapping cable contact and for

27 quasi test probing. | ‘ |

28 | _

29 - Referring now to Figure 8, suspension 3 is prepared by forming solder

30 bumps 19 to contact pads 12. These _s_older bumps may be applied to

31 suspension 3 in the same manner that solder bumps 6 were applied to slider

Page - 17 -

DOCKET NO. SA9-94-035

. THIS SHEET HAS BEEN |

—
- ‘REPLACED

heet Has Been Re‘laced

" T,



r'eflow wher eupon heating, one or nore bunps expahd in a direction to nake
contact wi th anot her bunp. 7
The fabove ag, de.ﬁ@naﬁbdlgdl@aabuﬁmsetsana(@é Yla@fened'th aHY HrAERapfag he

present invention will becone aP parent in the follow ng detailed witten
descé i pti onsolder bump 6, for example by mechanical pressing or by weighted-reflow.

3 A flattened solder bump 19 would have a top surface 15. Figure 9 shows

4 a perspective .view of flattened solder bumps 19 on contact .pads 12.

. ) - . ,

-6 Figure 10 depicts a process for assembly of the slider-suspension
7 assembly, according to a preferred embodiment of the preéent invention.
8 The slider 1 is fabricated with solder bumps 6 formed on each of the
9 termination pads 5 Each of the solder bumps 6 are selectively flattened,

10 wherein a“ selectively flattened solder bump is defined herein as a solder

1 bump flattened such that it is not formed in the natural hemispherical shape

12 that the solder bump would attain if liquified upon reflow, and such that the

13 surface of the bump will extend or expand (or contract) radially' in all

14 directions away from its corresponding pad when returning to its natural

15 hemispherical shape upoh reflow. As can be seen in Figure 10, selectively

16 flattened solder bumps 6 have a ina'ximur_n dimension along an axis parallel

17 to the surface of the termination pad 5. Thus, selectively flattened solder

18 bump 6 will expand at least in a direction normal to the flattened surface of

19 the bump. |

20

21 Solder bump 14 is forrhed on contact pad 12 on the etched copper

22 surface of suspension 3. Slider 1 is aligned atop suspension 3 such that

. 23 each termination pad 5 a,l'ong with its corresponding s'electiveiy flattened

24 solder bump 6 is properly aligned with the corresponding contact pad 12.

25 Contact pad 12 is designed to act as part of a conductive lead structure that

26 " runs along suspension 3 in etched conductive Ia'yef 9, 12 for connecting the

27 'thin-film transducer termination leads with the read/wfite electronics of the

28 information storage system. The alignment places termination pad-solder

29 bump 6 adjac_ent to contact pad-solder bump 14. The back side df slfder 1

30 is mechanically bonded or attached to suspension 3 with epoxy 8. Figure

31 11 shows a perspective view of the slider properly aligned to the patterned
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REPLACENENT SHEET - - 8
BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed

‘Gharqacteri SEbﬁd@énw%y'e?\é%tmeehmeaﬁsyetattfaehéb tonthiehsuspepsiuh; hutl griorsto The
i nvention itself however, as well as a preferred node_ of use, further

- obj &ts andtrmjsm ag@satmgrt@efsold@n bumest topeefimudhend intopthe EoBE 8Reled; o t he
f ol I:ﬁvm ng de %ﬂ gesc ption of an illustrative enbodi nent when read in
conj nctlon RLIY npanylng

Solder bump 6 and solder bump 14 are then heated by laser beam 17,

5

6 while being flooded by a flow of nitrogen gas. Laser beam 17 is produced

7 from a YAG laser which is focused and shined at the junction of the two

8 adjacent solder bumps 6 and 14. The power applied can vary depending on

: 9 the volume of thé solder bump or the melting point of the solder. Typically,

10 - the process will require approximately 400 mJ. If solder bumps 6 and 14
11 - have been aligned such that they are directly in contact or in sufficiently
12 close proximity, the laser beam heating will cause the solder bumps to
13 reflow and make electrical connection. This occurs because solder bum_p 6
14 is a selécti_vely flattened solder bump prior to heating by laser beam 17.
15 _ Upon melting, selectively flétten_ed solder bump 6 will return to its natural
16 hemispherical shape 7 to minimize. its surface energy, as can be seen in
17 Figure 10. As selectively ﬂatte'ned_.so_'lder- bump 6 returns to shape 7, it
18 extends or expands out radially in a difection normal to its ﬂa.ttened surface.
19 This will cause liquid solder bump 6 to literally bump i_nto and make electrical
20 contact with liquid solder bump 14. '
21
22 _ The two solder bumps melt and fuse together in this fraction of a
23 second to form the right angled solder fillet seen on the completed slider-
24 assembly shown in the perspective view of Figure 12. This figure shows
25 four right angled solder fillets electrically connecting the termination pads of
26 the slider to the etched conduétive 'paitern- on the- suspension.
27 . . : .
28 An alternative preferred embodiment of the present invention is
29 depicted in Figure 13. Slider 1 has been properly aligned atop the pattern
30 conductive layer '9, 12 and _mechanically attached to suspension 3.
31 However, in this embodiment, Suspension 3 has been prepared with a
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draw ngs, wherein: Figure 1 depicts a magnetic disk storage system
Figure 2 depicts an expl oded view of a disk drive; Figure 3 shows a
Gongent ' O“aé?IE&Le (- RHEARIP 618eA BB foFmed .on contBctphd 12.deman sefidw

sli end sl i der-suspension assenbly of the present invention;
of solder bump 6 and 15, for example by a laser reflow process, both solder

bump 6 and solder bpmp 15 return to the natural hem:sphencal shapes 7

4 and 21. The addition of flattened bump 15 facilitates the forming of the
5 right angled solder fillet joint since both solder bumps expand towards each
6 other Qpbn reflow. This further loosens the tolerance required in aligning
7 -slider 1 with suspension 3, while increasing the likelihood of creating a solid
8 electrical connection between the termination pads and the contact pads.
9 | | |
10 As can be seen from the preferred embodiments, this assembw
1 process rélaxes the tolerance required in aligning the termination pads with
12 the contact pads. Rather than require that the align_ed pads’ solder bumps |
13 be in contact prior to reflow, a certain amount of gap existing between the
14 solder bumps can be tolerated ih the assembly process when utilizing
15 selectively ﬂattened. solder bumps. This is accomplished without sacrificing
16 the quality of the solder fillet_ joints or'sl'ider-suspension assembly yields.
17 | |
18 By using a laser beam to reflow the solder bumps, the preferred
19 - embodiments of the present invehtion avoid many of the disadvantages of
20 _ .the prior art. The focused laser beam provides localized heating a'nd thus
21 prevents temperature sensitive components such as an MR head from being
| 22 exposed to high temperatures. These high temperatures degrade the
23 magnetic properﬁes' of such sensitive devices. Moreover, such localized
24 heating produces a stress-free solder joint as neither the slider nor the
25 _ suspensig_p is subjected to héat gxpoﬁure.. Another significant advantage is
26 that this &'p.'roc’ess' eliminates the use of flux in the reflow process. This
27 ' eliminates the additional processing step required to clean the flux from the
28 - slider-suspension assembly subsequent to reflow. Another advantage to the
29 laser reflow process is that because of its rapid heating and cooling, a
30 | ‘metallurgically superior solder joiht of very fine grain size and low and

31 intermetallics is created. Last, unlike ihe furnace reflow process, this is a
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Iéi gure 5 depicts a perspective view of the slider-suspension assenbly

accordi ng t oCbREnDbAS Mbw NIEMifaefuring (CFM) toeipRithe dRBcesS Watetsyaid onal
f-ront_ and side view of a slider according to the present invention,
Fi gur®e 7 sholR§orpoiaied pisoi \automatedt assembirer linessi ngVékilecthe epyefaread ened

am Rt o0 SoRRERRIRRR eSS €1 BRBEn M dBeann, tcior fsfady pifat °

presént i nvecomeentional reflow methods, such as heating in an infrared belt furnace,

5 . may also be used to p'rac'tice the present invention.
7 The present invention provides a slider-suspension assembly for an’
8 information storage system whefe the read/write transducer termination
9 -pads located on the slider'haye selectively flattened solder alloy bumps
10 formed thereon that are reflowéd to solder bumps on the contact pads of a
11 laminated suspension. The soldering is achieved by a fluxless laser reflow
12 process providing local heating of solder and not affecting heat sensitive
.13 transducer components such as an MR head, and not réquiring any cleaning
14 of flux after soldering. Beca'use of the natural hemispherical expansion of
15- _ | selectively flattened bumps upon reflow, the alignment of the slider on the
- 16 suspension’s patterned conductive layer during fabrication does not require
17 that the solder bumps be in contact to make a solid electrically conductive
.18 solder fillet joint.
19 _
20 ' While the invention has been particularly shown and described with '
21 reference to a preferred embodiment, it will be understood by those skilled
22 _ 'in the art that various chahges in form and detail may be made therein
23 witho_ut departing from the spirit and scope of the invention.
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9 Figure 9 depicts a perspective view of a | am nated suspensi on
haviing sel eg]_mmSy flattened sol der bunps according to the present

lknventi on;

Figure 10 depicts a process for the assenbly of the

sli él’er-sy_spens! on assenbly, according to a preferred enbodi ment of the
pregent 1 nvgnti ORimethod for making an electrical connection comprising the steps of:

W 0 N o o

10

12
13
14
15
16
17
18
19
20
21
22

forming a solder bump on a termination pad of a first device
and a contact pad of a second device, wherein at least one of the one or

more solder bumps are selectively flattened;

placing the first device adjacent to the second device such that
the termination pad is properly aligned with the contact pad; and

heating the solder bumps so as to reflow the termination pad
and contact pad bumps such that they ele_ctrically connect, wherein a
selectively flattened bump expands radially in a direction to make contact

with another bump upon heating.

2. A method according to Claim 1, wherein the step of heating is
performed by focusing and shining a laser beam at the junction of the two

adjacent solder bumps.

3. A method according to Claim 1, wherein a solder bump is selectively

flattened by using controlled pressure.
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Fi gure 11 depicts a perspective view of a slider-suspension assenbly during

the process Hf ”l@?@i{lc?ﬁe "Mi&n&omp”sm Figure 12 depicts a

per spective view spensi on assenbly of the. present

i nvedtion; and Figure 13 depicts a process for the assenbly of the
- n n accor di ref.erred. enbodi ment of the
sl i dgr suspe ston asse terX'hnat?on padqgcate oR Lrst evice;

pr esent invention.

4
- 8 ' a contact pad located on a second device; and
5 : | . | . _
7 a solder fillet joint electrically connecting the contact padto the
8. ‘termination pad formed by heating two adjacent solder bumps, one bump
9 _ being formed on the termination pad a_hd the other bump being formed 6n
10 the contact pad, so as to reflow the two solder bumps together to create an
11 electrical 'connectib'n, wherein one or. both solder bumps are selective'ly
12 flattened such that each is not formed in the natural hemispherical shape
13 that the solder bump would attain if liquified, and such that the solder bump
14 . will ex_pénd radially in a direction to make contact with another bump when
15 returning to its natural he_mispherical shape upon reﬂow.

M
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10 - DETAI LED DESCRI PTI ON OF PREFERRED EMBODIMENT ~ Although
the gresent $.nve.r‘A'rﬁé‘tHo% scﬁE'fggmﬂfﬁﬁ%ﬁrg?oéjbﬁﬂa i&cﬁdmﬂ%dn@at%égt&raﬁéage

system as shown i'n Frgure 1, Tt e apparent that ‘the invention i's al so
appl Rcabl e tsystemesliderfsuspensiom s¢semably, shet slidershavingsa seadpndierl wiitea

storgge system or a nagnetic tape recording system for exanple. At |east.
one. Pot at bl ERSHHREr TorBedithetenn with, slestrical 6Ad3 epmINAtE Sk SIMINPHPG; e
by agdi sk drhé’cfs.”ﬁﬁﬂrazéﬁspem?orﬁw&car@&ﬁ&ﬁ'&t‘i@e B84 3structure including

5 conductive contact pads, thé_method comprising the steps of:
6 |
7 forming a solder bump on each of the termination pads and
8 each of the contact péds, wherein one or more solder bumps are selectively |
9 flattened;
10 |
11 plaéing the slider in contact with the suépension such that. the
12 termination pads are properly aligned with the contact pads; and
13 o o | | |
14 | ' heating the solder bumps so as to reflow the termination pad
15 and contact pad bumps such that they electrically connect, wherein a
16 selectively flattened bump expands radially in a direction to make contact
17 with another bump upon heating. | '
18 .
19 6. A method according to Claim 5, wherein the step of heating is
20 performed by focussing and shining a laser beam at ihe junction of two
21 adjacent solder bumps. | | |
22
23 7. A method 'according to Claim 6, wherein the laser is a YAG laser.
24 | |
25 8. . A method according to Claim 5, further comprising the step of
26 - attaching the slider to the suspension by epoxy bonding. '
27 . . : - '
28 9. A method according to Claim 5, wherein all solder bumps are
29 selectively flattened. | |
30
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on each disk is in the formof an annular pattern of concentric data tracks
(not yshown) g, di Akmethed according @ ClA#SE, Whersih £8610efBuhtp ROSAIEL on
t-he di sk 212, each sltlder -2135 %nsg'supportF'ng oﬁe or nore. Ha net%é&r:fe?g%?wite
headg 221. Adatteredibylisingrattrolledresswers 213 are noved radially in and
out §o that the heads 221 may access different portions of the disk surface
222 Containing the data. Each slider 213 is attached to an actuator arm 219 -
by maans of p1suspemetindd 2teording & NSRS R whAbreiR’ the HdrRatiohdBorage! N9
force which biases the slider 213 against t'he ??sk surface 33'% E{aogﬁaé

act ulit or ar reystemiis agnagoatic starage systeratand whensin28€ slidbehas auasgnetieans
sho in Fi 2 el - vaoice coil tor (VCM, but it may al so be a stepper
m)t\(l)\?. The %Wiﬂé"aéacrgﬁq\ﬁcﬁ{)\?%%?%taﬁ%% a fixed magnetic field, and the
direction and velocity of the coil novenents is controlled by the current
suppl i ed. ' - '
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During operation of the disk storage system the rotation of the disk 212

gene
The

s'usp2n5| on Zbmpvisl

at es a
bea

V2L SRS BGHERR AL, Bt Saboggani 2

ngupports the slider 213 off the disk surface by a small,
substantially constant spacing during operation.

desc®i bed with the preferred enbodi nent, any fluid bearing nmay be used

i ncl
REPL

ding a
CEMENT

5

w 00 N O

10
11
12
13

‘14
15
16

17

n oil lubrigc
SHEET Qn’te"

a transducer formed on the slider and havmg electncal Ieads

termmatmg at termmatlon pads;

a suspension having a conductive lead structure including

contact pads, the slider being placed in contact with the suspension such

‘that the contact pads are aligned with the termination pads; and

18

19
20
21
22
23
24
25
26
27
28
29
30
31

a plurality of solder fillet joints electrically connecting the
contact pads to the termination pads, each fillet being formed by heating
two édjacent solder bumps formed on pads so as to reflow the two solder

bumps together to create an electrical connection, one bump being attached

~ to a termination pad and the other being attached to a contact pad, wherein
one or both solder bumps are selectively flattened such that it is not formed

in the natural hemispherical shape that the solder bump would attain if
liquefied, and such that the bump will expand radially in a direction to make
contact with another bump when returning to its natural hemispherical

shape upon reflow.

13. A slider-suspension assembly according to Claim 12, wherein the

termination pad bump is a selectively ;ﬂattene'd solder bump.

14. A slider-suspension assembly according to Claim 12, wherein the

contact pad bump is a selectively flattened solder bump. .

15. A slider-suspension assembly according to Claim 12, wherein the

suspension is formed as a laminated structure comprising a base layer, an

Al t hough an air bearing is
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11 The various conponents of the disk storage systemare controlled

in erati ok | n nt rol I te el ectroni unit
200 suh atsledi@ R HEREE Bhifle Baskdal i cld A b8, Gl B v en cn
i nclaides | odogmed ohr e idsuRtingdayét or age means and a microprocessor. The
control unit 229 generates control signals to control various system
operati ons such as notor control 'siignals on |line 223 and head positi-onh _
contg ol si S e The ' s L A e
desidr: ed cu'?;1 ?ﬁt %Ir]solﬁ‘%?gég ? g“%%ﬁ?%%ﬁ%fy%ocv@gn 1%’o“gl f'JlnoTrr}-’e'a‘lz @%ﬁegﬁcﬂﬁéag%ef der
21380 the tmyrisstaifdess $teel;theinsuletitgRyer ¥ & potlyirkdd land firacordsttive t e
signals are communicated to and fromread/wite heads 221 by neans of

rec& di ng clRY®Rds aLepPafAalleN. i ncl udes conductor |ines running al ong
suspgensi on 215 and actuator arm 3 S

8 17. A slider-suspension asSemny according to Claim 12, wherein the

9 suspension is formed as a etched flex cable bonded to a stainless steel base

10 layer. .
11

12 18. A slider-suspension assembly according to Claih’! 12, wherein the
13 transducer is a read/write transducer.

14 ) |

15 19. A slider-suspension assembly according to 'Claim 12, wherein the
16 transducer is a thin-film magnetic transducer.

17 | | " |

18 20. A slider-suspension assembly according' to Claim 19, wherein the
19 magnetic transducer is an MR head.

20 | | .
21 21. A slider-susbension assembly according to Claim 13, wherein the
22 magnetic transducer is an inductive transducer.

-_
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é19. The above description of a typical magnetic disk storage
systqm and 3he ARAQARGFER $toks§d 6351ePA @impiising: Fi gure 1 are for
r-epresentati on purposes only. The invention described in this application
~is u@eful with all nechanical configurations of nmagnetic storage system

di sk drives or direct acgess stor.age, devices (" ¢)h.. 1Lt sha

appargent that di sk stof éﬁ%@%&%ﬂt‘%?"@&?aﬂ"ﬁ’ag\?@?gfdéa%ﬁirﬁzr'g%&@ﬁ%|?§ and
actugtors, aggtaeach actuator may support a nunber- of sliders. For exanple,
Figure 2 is an exploded view of a disk drive 310. It should be noted that
al thBugh a rotary actuator is shown the invention described herein is also
appl kcabl e to |inear a&%\uﬁéqrs. The di sk drive 310 includes a housing 312,
and housi ng cover 312° ¢h, after assenbly, is nounted within a frane
316. 7Rot at ably attached within the housing 312 on an actuator shaft 318 is

an actuat or . ) i )
8 - a transducer formed on the slider and having electrical leads

9 | terminating at termination pads;
10
11 a suspehsion having a conductive lead structure including
12 contact pads, the slider being placed in contact with the suspension such
13 that the contact pads are aligned with the termination pads, the suspension
14 maintaihing the transducer in a closely spaced position relative to the
15 storage medium during relative movement between the transducer and the
16 storage medium; and
17 '
18 ' a plurality of fillet joints electrically connecting the contact pads
19 to the termination pads, each fillet being formed by heating two adjacent
20 solder bumps formed on pads so as to reflow the two solder bumps together
21 to create an' electrical connection, one bump being attached to a termination
22 pad and the other being attached to a contact pad, wherein one or both

23 solder ‘bumps are selectiveiy _ﬂatt'ened such that it is not formed in the
24 natural hemispheric_:al shape that the solder bump would attain if liquefied,
25 - and such that the bump will expand radially in a direction to make contact
26  with anQi’_her bump when returning to its natural hemispherical shape upon
27 reflow; | | . .

. 28 : : o _ ' '
29 actuator mea"n_s coupled to the suspension for moving the
30 transducer to selected tracks on the storage medium; and
31 '

: Page - 28 -
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glrmzssenbly 320. One end df the actuator arm assenbly 320 includes an E
bl o or conb-like structur v i 0, lE&t“l,.l t 23
Attglched to the separgfeang ﬁ%géég% k S%sgggg'ah 'Egglgot(r: Zg fg?e'@égﬁ ng

sus[gensi onssigadls hahenitesd by thb&ram;d!u@%r Feptbsenprativg of utee disoecoeded il i der |
326 which carries a magnetic transducer (not shown in Figure 2). On t he
12. & her enﬂ“%mfﬂﬁﬁaﬁéﬂlﬁgtﬁgeam?ﬂ&é@,'enbl y 320 opp05| te the spring
susg'_en5| ons

5 .23. An information storage system according to Claim 22, wherein the

coupled means provides signals to the magnetic transducer for writing data

7 bits in the magnetic storage medium.

8 _ | )

9 24, An information storage system according to Claim 22, wherein the
10 ~  coupled means receives signals from the transducer that represent data bits
1 recorded in the information storage medium.

12 -

13 25. An infqrmation storage system according to Claim 22, wherein the

14 transducer is a magnetic transducer formed as a thin-film on the trailing

15 - edge of the slider. |

16 |

17 26 An information storage system aécording to Claim 25, wherein the

18 coupled means detects resistance changes in a magnetoresistive material

19 . residing ih the magnetic: transducer responsive to magnetic fields

20 ' _repres_ehtative of data bits recorded in the information storage medium
21 intercept'ed by the layer of magnetoresistive material.
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324 and the sliders 326 is a voice coil 328. Attached within the
housing 312 is a pair of maginets 330. The pair of magnets 330 _and the voice

coi 11328 ar @%key A alider syitable Spea iger-suspensionasaeaiHy ifes 38 PRTERYY ¢ he

act u?t or as%ﬁm{gﬁe thgr%%sq?é; about the actuator shaft 318. Al so

mounted within ousi a spindle shaft 332. Rotatably attached
to t®e spindle shaft 332 are a nunber of disks 334. In Figure 2 eight disks
are attached to the spindle shaft 332  The disks 334 arge ajtached . tg the
spi il e shaft 332 in Shedyhayinga %H!da?‘?%'fﬂg sur%ace,al?ﬁgkﬁ 83?0?'fﬁ/§?ﬁion

IS ag inforg@ﬁégﬁga & é&?mmg@%@ohmeavg;%%wgérmmifmme

assenbl y. anple of a pri subass ee Figure 3. The
susp@nsi on backrsidesnd theaair bearing 8Qrfacd;
.8 ' - . a transducer formed o'n the slider and having electrical leads
9 terminating at termination pads; and

10 _
11 solder bump's formed on the termination pads, each solder
12 bump being selecti\)ely flattened such that it is not formed in the natural
13 o hemispherical shape that the solder bump would attain if liquefied, and such

14 that the bump will expand along an axis not parallel to the corresponding
15 termination pad when returning to its natural hemispherical shape upon
16 - reflow. |
17 '
18 '28. A slider according to Claim 27, whe_réin a solder bump is selectively
19 ﬂaftened by controlled préssure.
20 | o
21 29. Asslider according to Claim 27, wherein a solder bump is formed by
-_22 ' vapor depaosition such that the bump is selectively flattened.
23
24 30. A slider according t'o Claim 27, wherein a solder bump is formed by
25 | an'elet':troplating process such that the bump is selectively flattened.

e
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a{ flexure 120 located at the end of | oad beam 100.. The suspension is

attaghed to#}ﬂe disk file actuator ar[ncgnot shown% b% means of a.nounting
pl até 140 s|A mgtheddor tabsicating sgiecdivsly Uattened seldee hupip tasmingtion

matepial, s rbi de
T epial, Stnduerd ookt SLRae 84 43180, LAY IO RbELTbRRA o tploistcr
rai |4 120, Istorage systemsithe methashpawprisingnthegstepsadi:y parallel to air
bear%ng surface 180, a |leading edge 125 and a trailing edge 126, both of
whi ch formend faces oriented generally perpendicular to air bearing
surfgce 180 and WFaglsi | r e an
epoxy bond between b %ggl%%ﬁ%ﬁbgﬁg }’%@gﬂbgéﬁw‘ﬁgph&éél %&eﬁg%ﬁ?he _
trai gl ng eddermirgtion padsief aididesrand wo thin-fil mread/ wite transducers
128,45130. Typically, multiple thin-filmtransducers are formed on a single
slider, even though only one transducer is active as

8. | selectively flattemng the solder bumps by controlled pressure
9
10 32. A method according to Claim 27, wherein a solder bump is selectively
11 flattened by using controlled pressure.
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_ai read/ wite elenment, in order to inprove the yield of the slider during
the thin-filmfabrication process. The transducers 128, 130 have pole tips
129, 131, respectively, whi cABEXR&GT QMIHE DISCLA§YRE respective rails

Rectrical | IMEORMATION STORAGE sYSTEM HAViNG AfimPrg

139 f®r connection to the restDER-SUSFENSIONIASSEMBLYE

120,
has

4

© ® N O o

10
11
12
13
14
15
16
17
18
19
20
21

A method for.the fabricétion of a data recording disk file slider-
suspension assembly, the slider being of'the.type having an air bearing
surface, a back side opposite thé aik bearing surface and a trailing edge
having a read or write transducer formed as a thin film thereon with
electrical leads formed solely on the trailing edge and terminating adjacent
the slider back side at termination pads, and a éuspension having etched
conductive lead structures and condﬁc_tive contact pads connected to the
lead structures. The method comprising the steps of forming a So!d_er bump

on each of the termination pads and each of the contact pads, wherein one

Q.lgq.ucer 128
a

or more solder bumps are selectively flattened, mechanically attaching the |

back side of the slider to the suspension such that the termination pads are

properly aligned with the contact pads, and heating the solder bumps so as

‘to reflow the termination pad and contact pad bumps such that they

electrically connect, wherein a selectively flattened bump extends along an
axis defined by a point on one pad and a point on another pad when heated

to make contact with another bump.

.eads 137,
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di sk drive. : In t prior grlgTsTg% hsKon shoer?’ n Figure 3, the
electrical attachnent to the read Préd &1Q3br oni cs 1" made by tw sted
wires 134 which extend fromthe read/ wite electronics of the nmagnetic
storage system through a tube 136 on | oad beam 100 and out the end of tube
136. The ends of wires 134 are ultrasonically bonded to the | eads 133, 135
of active transducer 128. The el ectrical connection of the transducer 128
by nmeans of the twisted wires 134 is nmade by manual fabrication.
Referring now to Figure 4, the slider-suspension assenbly a preferred
enbodi mrent of the present invention is illustrated where slider 1 is both
mechani cally and el ectrically connected to a conposite or |am nated
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suspensi on 3. The suspengggn 3 C L%”% ase |l ayer—~l1, an insulating

| ayer 10 formed on the bas Iayegiﬁg,;%hgﬁggpatterned onductive | ayer 9,
T2 formed on the insulating IayerS ST se layer 11 nay be a stainless-
steel sheet. The insulating |ayer 10 nay be a polyimde |ayer and the
patterned conductive layer 9, 12 may be a copper |ayer. The back side 13 of "
slider 1 is nechanically attached to suspension 3. This is acconplished by
epoxy adhesive 8 which adheres the back side 13 of slider 1 to suspension
3. Alternatively, the suspension 3 could be forned as a etched flex cable.
bonded to a stainless steel base |ayer. At trailing edge 18 of
slider 1, a thin-filmtransducer 14 is formed. This thin-filmtransducer
may be any type of magnetic transducer including a read/wite inductive
head, a nmagnet o-p&s] stive (MR) sensor,  or an MR head. The pole tips of
transducer 14 eX out to the end of the trailing . : '

-_
This Sheet Has B
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edge 18 where it neets t fluid bearidg8surface 2, re an air bearing.
The conductive | eads for ansduce’? ATUT AN Al Kat e at t electrically
‘separate SAS-94.035

'REPLACEMENT SHEET ' 14 termination
pads 5. Term nation pads 5 are el ectri caIIy connected to two cont act pads
12 by right angled solder fillet joints 16. Contact pads 12 are part of the
conductive | ead structure etched into the patterned conductive

(Prior Ari)

Fig. 3
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| ayer 9, 12. The conducti | ead strucq pge contains cqnductor |ines that
travel "the length of the sdspensi mAY AN Apke connecﬁ on to actuator arm
el ectronics termination pads or argglegi4.qngss package (not shown in the
figure) that delivers signals to the disk drive read/wite electronics. -
Thus, these conductor .lines transmt signals generated by the transducer 14
representative of data bits recorded in the magnetic storage nedi um passi ng
over transducer 14 at air bearing surface 2 to read/wite electronics of

t he maghetic storage system However, the conventional conductive |ead
structure of a twisted pair of wires nmay al so be used in the present

i nvention. - Referring nowto Figure 5, there is depicted a _
perspective view of the slider-suspension assenbly according to the present
i nvention. The magnetic transducer has electrical |eads formed on the
trailing edge 18 and iy '-

3.
N
3
N
N
N
N
N
N.
N
N
N
N
N
N
N
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term nating at terninatlaq%pads 5 thaf/&xtend down algost to the corner
defined by the back sid and tPAITTAN &¢ge 18. Thi s} perspective shows
t:hat slider 1 has two thin-filmt$asdeeggsforned on trailing edge 18.
Each transducer has two electrical leads that term nate at term nation pads
5. Alternatively, the term nation pads 5 conprise the four |eads of an MR
head. Termination pads 5 are connected to the suspension term nation pads
12 and conductive lead structure 9 by right angl ed solder fillet joints 16.
The process of assenbling the slider-suspension of the present invention
begins with the fabrication of the slider. Referring to Figure 6, the .
slider 1 is fabricated using a photolithographic deposition-etching
process. The thin-filmhead is deposited in layers on a wafer forned of a

ceram c rial, such as a nmixture of alumina (Al[err]derr]) in titanium
carbi de ( he | agt two masks used in this photolithographic process
are a copper :
- - - —l -
O : 0 Yy
1 { : | { - {
6 50 Cq3 g - 5
TN
(PARTIAL)

Fig.

Fig. 7
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15 plating 4 connected the transdygpgg conductive kgzads and then a | ayer |
of copper plating which créates tergirmed N®yads 5. An’appropriate seed
l-ayer is used- between copper and tgequgdergysng alumina on the slider to
provi de i nproved adhesion. Solder is then applied to each of the

term nation pads 5. These sol der bunps 6 are conposed of a sol der alloy
whi ch” have been fornmed and flattened on the term nati on pads. The sol der
bunmps extend : :

—
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down to the corner defiq by theP back/&j de of the sk der and the trailing .
edge. Once the slider is bonded toATHeA A B nsi on, these sol der bunps
~=extend up to the suspension surfach9-94 8 used in the prior art had

- sol der bunps on the transducer's term nati on pads which were small, of
circular cross-section and with rounded tops, for exanple see United States
Patent No. 4,761,699. The present invention provides a slider with sol der
bunps on the transducer termnination pasks which are large, of a square or
rectangul ar cross-section and with flaffened tops. This can begt be seen

with reference to Figure 6 and Figure & There are sey al nethods .
of applying the solder. In one nethod,2a~g00-1000A thick | ayer ' rsion
. gold is plated over copper termnatio adsNg, Sol der pagt ey h @, 58%

Bl -42% SN, or 63% SN-37% PB, or any ot@er sol al | oy suttabl\pfor] this
application, is then screened using a \ _ : _ _
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screen printer, .andthe ste re 1' mul ti-zo I nfrared furnace
havi ng a nitrogen at m)sp re. gﬂgg%é ﬁﬂﬁx is then’cl eaned fromthe
~wafer. I'n another nethod, the so |edtotheterm'nation pads 5
by el ectroplating or vapor deposition, both of which are well known by
those skilled in the art. - The bunps created by el ectroplating or
vapor deposition are naturally formed with flattened tops. The soI der bunps

whi ch have been created by the reflow nethod are of a round, generally
spherical or hem spherical shape. This is due to the natural Te d.an.Ty of
whi

the solder to attain a m nimum surface energy upon reflow Shys lein a
liquid state, the sol der will \ /
\ j N
[ N
~ v ¥+ N
g/\, \\\\\
PP N
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: . . . EPLACEMENT SHEET
16 . formthis natural hem spherical, round shape. Accordingjto th va%
i nvention, after the solder cools to a solid state, these s I[ﬁ@g lﬂ?(ﬁ@ ........

flattened to a desired height by controll ed pressure Thi s

_acconpllshed by placing the wafer in a mechanical press which physically

smashes or deforms the solder bunps 6 untill they achieve a desired hei ght

above the trailing edge 18 An aI ternatlve—n”et hod of flattenl ng sol der

bunmps 6 is to place JBAK R)\HE ‘ S STHMe ANT

It should be understood that tB&ﬂ@Rﬁﬁm @En’;}ll:"oﬁmm/s to flatten sol der
1. Technical Field:

This inventidn relates to slfder-suspension assemblies for data
recording information storage systems and to a method for making such
assemblies. In particular, the invention relates to an improved slider-
suspension assembly for a magnétic storagé system and a method for

electrically connecting the slider to the suspension.
2. Description of the Related Art:

Information storage devices, which include magnetic storage devices
and optical data storage systems, utilize at least one rotatable disk with
concentric data tracks containing the information, a transducer for reading
data from or writing data to the various tracks, and a head positioning
actuator connected to a head for moving it to0 the desired track and
maintaining it over the track centerline during read or write operations. The
transducer is attached to a head (or "slider") having an air bearing surface
which is supported adjacent the data surface of the disk by a cushion of air
generated by the rotating disk. The slider is attached on its back side (the
side opposite the air bearing surface) to the suspension, and the suspension

is attached to an actuator arm of the head positioning actuator.

The suspension provides dimensional stability between the slider and
actuator arm, controlled flexibility in pitch and roll motion of the slider
relative to its direction of motidn on the ratating disk, and resistance to yaw
(radial) motion. The suspension typically provides a load or force against the
slider which is compensated by the force of the air bearing between the
slider’s air bearing surface and the disk surface. Thus, the slider is
maintained in extremely close proximity to, but out of contact with, the data



bunp 6. *Moreover, there are many angl es and shapes that sol eRrEPll)‘Grcr;E'swngrrsaHEET

retain for practicing the present invention; all that is ne %%%a.rz USNﬂV)
the solder bunp to be deformed or flattened such that it do of Fetarp o

the natural henispherical reftow shape. Figure 7 shows a
perspective view of a slider_with fl atteneﬁ sol der bunps on .its ter_pll' r;‘at I on
pads, accor disurface afitbegisks cThe suspensiamty picaly,samarisesialogd hegm. yhic

enboedi ment of Figure.7.  flatteni has- created saol LAKAAEER as
measur ed al or‘ﬁg"_f tggia§ %?)’é‘ﬁg‘? gﬁ? 3Fﬁ{agofﬁ% raz’lﬁl ?ﬁ%’@gggfé'?ﬁqt are less
than the bumaricied & thEBEHHdr end of the lodd'BeBPPYSsGEPSitsuRe slidedi Cihey t he
wafer in the usual manner to yield sliders. The sliders produced have
sol der pads padhbeampnowidesshe resilient spring action which biases the slider tqward
| the surface of the disk, while the flexure provides flexibility for the slider as
the slider rides on the cushion of air between the air bearing surface and the
rotating disk. Such a suspension is described in United States Patent No.
4, 167,765, which is assigned to the same assignee as this application. An
example of a conventional slider is described in United States Patent No.

3,823,416, which is assigned to the same assignee as this application.

In the- conventional slider-suspension assemblies, the slider is
mechanically attached to the flexure of the suspension by epoxy bonding.
The eléctrical connection between the transducer and the disk drive
read/write electronics is made by twisted wires which run the length of the
suspension load beam and extend over the flexure and slider. The ends of
the wires are ultrasonically bonded to the transducer leads on the slider.
The fabrication of such a slider-suspension requires manual assembly and is
thus time consuming and costly.

Another type of suspension is a composite or laminatéd structure
comprising a base layer, a patterned conductive layer with patterned
electrical leads formed thereon, and an insulating layer in between, as
described in IBM Technical Disclosure Bulletin, Vol. 22, No. 4 (September,
1979), pp. 1602-1603. In this laminated suspension, the slider is epoxy
bonded to the laminated suspension and the transducer leads are soldered

to the electrical leads formed on the suspension.

Another laminated structure type of suspension is comprised of a base
layer of stainless-steel, an insulating layer of polyimide formed on the base
layer, and a patterned conductive layer of etched copper alloy formed on the



bet.weén‘25 m cronmeters and 150 m croneters or between 5%t (
width of the slider. The flattened bunps used on the slidef

invention avoid many of the processing di sadvant ages assoc

AERAGEMEG SHEET
Bie L2 0pNB¥ 4885

ated™wih f'h,e

round, hem spherical solder bunps used in the prior art. The flattened
bunps provide | arge surface areas for Iap_pﬁ_[\g cabl e contact and for quasi
-4 est probi nginsulating layeef 88 deberivédid UnitedUStat8s PatemeNal an986;623yr ey ed
by form ng sol der bunps 19 to contact pads 12. These sol der bunps may be
applied to setghadsanpesiayerprevidess leadsieucturgelearigally soapectngriettifyp| i ed

to slider

film magnetic head transducer and the disk drive’s read/write electronics.
A method for attaching a slider to a laminated/etched suspension in a data
recording disk file has been described ih United States Patent No. 4,761,699
and 1BM Technical Disclosure Bulletin, Vol. 36, No. 2, February, 1993, p.

371.

There are severai disadvantages associated with the slider-suspension
assembly process described in United States Patent No. 4,761,699. In
order to carry out the process, the etched flat cable on the suspension must
undergo further processing to have an insulating passivation layer formed on
the cable to prevent shorting between the slider and the cable. Vias must
be opened through the passivation layer in order to make electrical contacts
with the slider, and solder bumps must be reflowed both for mechanical as
well as electrical termination. The slider must also undergo vacuum
processing to provide solderable metallized contact pads on the back side
of the slider for mechanical attachment. Moreover, the head-suspension
assembly must be heated in an infrared belt furnace for reflow of the solder

bumps which subjects the slider and MR head to high temperatures. Such

a reflow also requires some kind of flux which might induce corrosion on the
MR head. An additional step is required to clean off the flux subsequent to
the reflow. Additionally, this process is batch type and is not Continuous

Flow Manufacturing (CFM) or automated assembly line compatible.

The process described in iBM Technical Disclosure Bulletin, Vol. 36,
No. 2, February, 1993, p. 371, uses epoxy for mechanical attachment of
the slider. The ends of the copper alloy leads of the suspension are bent up
from the surface of the suspension and soldered to the head termination
pads using the batch type reflow process. This process brings in a tooling
complexity to hold the leads against the solder pads on the slider during the
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17 . 1: Additionally, solder bunps 19 may be flattened in he s%m &E
sol der bunp 6, for exanple by nechanical pressing or by QWA
flattened sol der bunp 19 woul-d have a top surface 15. Fi

perspective view of flattened sol der bunps 19 on contact pads 12.

Fi gure 10 depicts a process for assenbly the slider-suspension assenbly,
.accor di ng t oreflqweirecessl tnradditiemthisfprokesphasahe disadvdntages associated

with a batch type reflow process as described above.

«Q

it would be desirable to provide a method for the fabrication of a data
recording disk drive slider-suspension assembly that allows for some
tolerance in the alignment of the slider to the suspension when it is
- mechanically attached. while providing a simple and effective method of
" electrical connection between the thin-film magnetic head transducer and
the suspension leads. It would further be desirable to provide a method of
soldering the transducer termination pads to the lead pads of an etched
copper cable by a process without the use of flux and the need for
subsequent cleaning. It would be still further desirable to provide a method
of solde_ring the transducer termination pads to the lead pads of an etched
copper cable by a process such that the head and the suspension are not
subjected to heat exposure, thus preventing high temperature exposure and
magnetic degradation to temperature sensitive components like an MR head.
It would be still further desirable to provide a process for suspension lead
and head termination pad connection that does not require a furnace reflow
process, thus making the process CFM compatible.



The sFider 1 is fabricated with solder bunps 6 forned on e
termnation pads 5 Each of the solder bunps 6 are selectiv

X RI%‘}[_A?E%IIENT SHEET

Yatd aR:@riaN 1339
ln-as-—a-soldar—

. Wherein a selectively flattened sol der bunp is defined herdk

Rmma e a———

bunp flattened such that it is not for_rred_fin t e natural hem spheri cal

shape that the solder bunp would attain i

l.iquified upon reflow, and such

st hat the surface of the bunp SUMMARYcOH THEINNENTION contract) radially
in all directions away fromits correspondi ng pad when returning to its

natural hem spherical shape upon reflow. As can be seen in

paraliel 16 the s rangROR o Hibek oIS aRaRR VPRI LY

Figure 10,
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flattened surface of the bunp.

4 is formed on contact

pad 12 on t hthat @llewscdppesome tolerance in the alignment of the slider to the

suspension when it is mechanically attached, while providing a simple and
effective metho_d of electrical connection between the thin-film magnetic

head transducer and the suspension leads.

It is another aspect of the present invention to provide a method of
soldering the transducer termination pads to the lead pads of an etched
copper cable by a process without the use of flux and the need for

subsequent cleaning.

It is yet another aspect of the present invention to provide a method
of soldering the transducer termination pads to the lead pads of an etched
copper cable by a-process such that the head and the suspension are not
subjected to heat exposure, thus preventing high temperature exposure and

magnetic degradation to temperature sensitive components like an MR head.

It is still yet another aspect of the present invention to provide a
process for suspension lead and head termination pad connection that does
not require a furnace reflow process, thus making the process CFM

compatible.

According to the present invention, a method for the fabrication of a
data recording disk drive slider-suspension assembly is provided. The slider
being of the type having an air bearing surface, a back side opposite the air
bearing surface and a trailing edge having a read or write transducer formed
as a thin film thereon with electrical leads formed solely on the trailing edge
and terminating adjacent the slider back side at termination pads. The
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surfacé of suspension 3. Slider 1 is aligned atop suspensigh 3 su t“m‘lg%
each termnation pad -5 along with its correspondi ng sel ect ijvphte :fl7alt.ened.......
_solder bunp 6 is properly aligned with the correspondi ng cortact—pad—F
Contact pad 12 is designed to act as part_ of a conductive |lead structure
t hat runs al ong suspension 3 in etched cohductive | ayer 9, 12 for

» connecting thigpbhsiBnhaviRd dtgned BsRrdudWdledalstittLpfrEndeomdudiveamdant i t e

el ectronics of the information storage system The alignnment pl aces
t er m nat i on pads-conineécted ththesleadjstructurese Themathogapmerisies tBGn“ﬁe&ﬁPf The

back side of, _slider 1.is chani cal | onded or._attac ensi 3
with epoxy é.""ﬁf%ﬁesﬁ'ﬁe%ﬁﬁm 8”peeﬁq.%egttﬁeete\'}ﬂﬂ\?atééﬁtp%zgs%ﬁ%?réégrgf)g? y
aligned to tdtaét h&8g)Sfherein one or more solder bumps are selectively flattened,

mechanically attaching the back side of the slider to the suspension such
that the termination pads are properly aligned with the contact pads, and
heating the solder bumps so as to reflow the termination pad and contact
pad bumps such that they electrically connect, wherein a selectively
flattened bump expands radially in a direction to make contact with another
bump upon heating. | '

According to the present invention, a slider-suspension assembly for
a magnetic storage system is provided. The slider-suspension assembly
comprises a slider having an air bearing surface, a back side opposite the air
bearing surface and a trailing edge oriented generally perpendicular to the
back side and the air bearing surface. Also, a thin-film transducer formed -
on the trailing edge of the sfider and having electrical leads terminating at
termination pads located on the trailing edge, a suspension having a
conductive lead structure inc!uding contact pads, the back side of the slider
being mechanically attached such that the contact pads are aligned with the
termination pads. A plurality of right angled solder fillet joints are electrically
connecting the contact pads to the termination pads, each fillet being
formed by heatilig two adjacent solder bumps formed on pads so as to
reflow the two solder bumps together to create an electrical connection, one
bump being attached to a termination pad and the other being attached to
a contact pad, wherein one or both solder bumps are selectively flattened
such that it is not formed in the natural hemispherical shape that the solder
bump would attain if liquefied, and such that the bump will expand radially
in all directions when returning to its natural hemispherical shape upon
reflow, whereupon heating, one or more bumps expand in a direction to
make contact with another bump.
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to the step of heating the sol der bunps to reflow theminto||the r2(_ﬂ1lN[]V]ggs

angl ed solder fillet joints. Sol.der bunp 6 and sol d Tp--dd--are-

t hen heated by Iaser beam 17, vvhi | e being f4o0oded by a flo 0

gas. Laser beam 174 \%g hrom YAG +=&ser which is focused and shi ned
at the junction of ¥ RN éﬁta 19Rs! ohigcts. deatwes and pdvaatages of

appl i ed can vmqu!spaflmv!%ﬂn@ﬂ Wﬂlebéﬁﬂrﬁg‘%p%rérﬁ%sr%dgﬁovgﬂ{s) d8tailedtniRldn "9

oint of the solder. Typically,
P descrlptlon yP y
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the. process will require approximately 400 mJ. If solder b
have been aligned such that they are directly in contact or
. close proximty, the | aser beam heating will cause the sold
reflow and nake el ectrical connection. This occurs because 3
a selectively flattened sol der bunp prior_89 heating by Iaser beam 17. Upon
Jjrelting, selectively fl atgmggmggbmrmﬁmg bEANINGS 0 i ts natural

heni spherical shape 7 to minimze its surface energy, as can be seen in-
Figure 10. As selectively flattened solder bunp 6 returns to shape 7, it
ext ends or expand out 3 |a I di,rection nqQrm N tren
surface. This will Eaﬂ&v@g W%ss%?'fféﬁedbﬁwaﬁtqrﬁqﬁ f’t tb%'{x“’%”#r%ﬁl énrt%oggtnd
make el ectri ¢ghn q@fihé%d@nﬁ@d' élg g, frké*‘?r'ivé?ﬂm Adelf however, e weloasq der
bunmps nelt and fuse together in |s raction of a second to formthe right
angl ed sol deprédfetredtmedeof ase} hmberrmb]et:adasdi iadeantages thereof, will best be

understood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the accompanying
drawings, wherein: |
Figure 1 depicts a magnetic disk storage system;
Figure 2 depicts an exploded view of a disk drive;

Figure 3 shows a conventional slider-suspension assembly;

Figure 4 depicts the slider end of the slider-suspension assembly of

the present invention;

Figure § depicts a perspective view of the slider-suspension assembly

according to the present invention;

Figure 6 depicts an elevational front and side view of a slider
according to the bresent invention;

Figure 7 shows.a perspective view of a slider having selectively

flattened solder bumps according to the present invention;

Figure 8 depicts a laminated suspension having a flattened solder
bump according to the present invention;



-assenbl y shown in the perspective view of Figure 12. This f gf?ﬁpeu‘s EC’)WVEVSNF%?J[FET

right angled solder fillets electrically connecting the tern i
ght ang 'l L2 ANDIE 6.

the slider to the etched conductive pattern on the suspensi
alternative preferred enbodi nent of the present invention is depicted in
Figure 13. Slider 1 has been properly ali@ned atop the pattern conductive

enbodi neni - usponGULh SR A BRFDRENS G iMindred BSRHRIsiof Ralifg®

selectively flattened solder bumps according t0 the present invention;

Figure 10 depicts a process for thé assembly of the slider-suspension

assembly, according to a preferred embodiment of the present invention;

Figure 11 depicts a perspective view of a slider-suspension assembly

during the process of the present invention;

Figure 12 depicts a perspective view of the slider-suspension

assembly of the present invention: and

Figure 13 depicts'a process for the assembly of the slider-suspension

assembly, according to a preferred embodiment of the present invention.
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angl ed solder fillet joint since both sol@er bunps expand towards each

. ot her upon refl ow Egﬁl[g‘gtéﬁg?hwgﬂpochpRépEgth:ngmgﬂTl n aligning

kel 1 hood of creating a

slider

pads.

1 with suspension
solid electrical

e increasingt
connection between the term nation pads and the contact

As can be seen fromthe preferred enbodinents, .this assenbly

Although the present invention is described as ainbodiéd
magnetic disk storage system as shown in Figure 1, it will be apparent that
the invention is aiso abplicable to other information storage systems such
as an optical data storage system or a magnetic tape recording system, for
example. At leastone rotatable magnetic disk 212 is supported on a spindle
214 and rotated by a disk drive motor 218. The magnetic recording media
on each disk is in the form of an annuiar pattern of concentric data tracks
(not shown) on disk 212.

At least one slider 213 is positioned on the disk 212, each slider 213
is supporting one or more magnetic read/write heads 221. As the disks
rotate, the sliders 213 are moved radially in and out so that the heads 221
may access different portions of the disk surface 222 containing the data.
Each slider 213 is attached to an actuator arm 219 by means of a
suspension 215. The suspension 215 provides a slight spring force which
biases the slider 213 against the disk surface 222. Each actuator arm 219
is attached to an actuator means 227. The actuator means shown in Figure
1 is a voice coil motor {(VCM], but it may also be a stepper motor. The VCM
is a coil moveable within a fixed magnetic field, and the direction and

velocity of the coil movements is controlled by the current supplied.

During operation of the disk storage system, the rotation of the disk
212 generates an air bearing between the slider 213 and the di;k surface
222. The air bearing thus counterbalances the slight spring force of the
suspension 215 and supports the slider 213 off the disk surface by a small,
substantially constant spacing during operation. Although an air bearing is
described with the preferred embodiment, any fluid bearing may be used

~ including an oil lubricant.

19. sel ectively flattened sol der bunp forned on contact pad llEEPIUACEMEN'¥FHEET

bunp 6 and 15, for exanple by a | aser refl ow proq
_bunp 6 and sol der bunp 15 return to the natural heni spheri ¢a] 4
21. The addition of flattened bunp 15 facilitates the form ng of the rlght




praceés'rel axes the tolerance required in aligning the termni
with the contact pads. Rather than require that the aligned
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bunps be in contact prior to reflow, a certain anount of gaf

bet ween the sol der bunps can be tolerated in the assenmbly pr

ocess when

utilizing selectively flattened solder bumps. This is acconplished without
sacrificing the quality of the solder filtetjoints or slider-suspension

assenbly yi el ds. using a laser beamto reflow the sol der bunps,
the preferred e@oﬁ‘%%%%?omensﬂé%@ﬁﬂhe dwﬁécmooaemwemrafﬁfcemmﬂed in

di sadvant ages o I zed
heating and t sat)ggv ‘@ﬁ?'gﬁtﬁn‘?&g?e‘% gﬁéﬁ’ls Slvﬁﬁg‘%' %R}Shﬁ uggtcg%éNR
head from belmm@msmntﬁo@&ghﬁlmdim{éﬁﬁax cldtesfighalshane wpttRingledes

degrade the nagnetic properties of such sensitive deV| ces. Moreover, such

| ocal i zed hed@8iFCHTER) GEEYItS, $0rags Afeans arul alenicjapracessorndiheeantrakurst | der

nor the

229 generates control signals to control various system operations such as
maotor control signals on line 223 and head position control signals on line
228. The control signals on line 228 provide the desired current profiles to
optimally move and position a selected slider 213 to the desired data track
on the associated disk 212. Read and write signals are communicateg__to
and from read/write heads 221 by means of recording channel 225, which
includes conductor lines running along suspension 215 and actuator arm
219,

The above description of a typical magnetic disk storage.system, and
the accompanying illustration of it in Figure 1 are for representation
purposes only. The invention described in this application is useful with all
mechanical configurations of magnetic storage system disk drives or direct
access storage devices ("DASD"). [t should be apparent that disk storage
systems may contain a large number of disks and actuators, and each
actuator may support a number of sliders. For exampie, Figure 2 is an
exploded view of a disk drive 310. it should be noted that although a rotary
actuator is shown the invention described herein is also applicable to linear
actuators. The disk drive 31 0 includes a housing 312, and a housing cover
314 which, after assembly, is mounted within a frame 316. Rotatably
attached within the housing 312 on an actuator shaft 318 is an actuator
arm assembly 320. One end of the actuator arm assembly 320 includes an
E block or comb like structure 322 having a plurality of actuator arms 323.
Attached to the séparate arms 323 on the comb or E block 322 are spring
suspensions 324. Attached at the end of each spring suspension is a slider
326 which carries a magnetic transducer {not shown in Figure 2). On the



elimnates the additional processing step required to clean ££0m
the slider-suspension assenbly subsequent to reflow. Anot her advant age to
refl ow process is that because gf2 its rapid heating and cooling,
@@ nmetallurgically superior solder joint of very fine grain size and | ow and
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suspension is subjected to heat exposure. Another significagnt ad\slzantmls

that this process elimnates the use of flux in the refl ow prpgwes

324 and the sliders 326 is a voice coil 328.

Attached within the housing 312 is a pair of magnets 330. The pair

of magnets 330 and the voice coil 328 are key parts of a voice coil motor

which applies a force to the actuator assembly 320 to rotate it about the

actuator shaft 318. Also mounted within the housing 312 is a spindle shaft

332. Rotatably attached to the spindle shaft 332 are a number of disks _

334. In Figure 2 eight disks are attached to the spindie shaft 332. The
disks 334 are attached to the spindle shaft 332 in spaced apart relation.

The present invention is an information storage system with an
improved slider-suspension assembly. For an example of a prior art
subassembly, see Figure 3. The suspension comprises a load beam 100 and
a flexure 120 located at the end of load beam 100. The suspension is
énached to the disk file actuator arm (not shown) by means of a mounting
plate 140. The sﬁder 160 is a conventional slider formed of ceramic
material, such as a mixture of alumina (Al,0,) and titanium carbide (TiC).
The slider 160 has an air bearing surface 180, which includes two rails 120,
122, a back side 124 opposite aﬁd generally parallel to air bearing surface
180, a leading edge 125 and a trailing edge 126, both of which form end

faces oriented generally perpendicular to air bearing surface 180 and back

side 124. Slider 160 is secured to flexure 120 by an epoxy bond between -

back side 124 and flexure 120.

Located on the trailing edge 126 of slider 160 are two thin-film
read/write transducers 128, 130. Typically, multiple thin-film transducers
are formed on a single slider, even though only one transducer is active as
a read/write element, in order to improve the yield of the slider during the
thin-film fabrication process. The transducers 128, 130 have pole tips 129,
131, respectively, which extend toward the edge of respective rails 120,
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enbodi nent utilizes a |laser reflow process, it is.understo

conventional reflow nethods, such as heating in an.infrared belt furnace,
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may al so be used to practice the. present il¥ention. The present

invention provides a slider-suspension asSenbly for an information storage
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are refl owed etectsosideadddBd7s 139 tdrechorttioh tpate rehdavtitaeleatrahicusbthesi on.

The sol dering. is achieved by a fluxless |aser refl ow process providing
-l ocal heati né"iﬁ dﬁ\ﬁ?de_r and not affecting heat sensitive transducer
conponents such as an MR head, and not requiring any cleaning

In the prior art suspension shown in Figure 3, the electrical
attachment to the read/write electronics is made by twisted wires 134
which extend from the read/write electronics of the magnetic storage

system, through a tube 136 on load beam 100 and out the end of tube 136.

The ends of wires 134 are ultrasonically bonded to the leads 133, 135 of

active transducer 128. The electrical connection of the transducer 128 by

means of the twisted wires 134 is made by manual fabrication.

Referring now to Figure 4, the slider-suspension assembly a preferred
embodirhent of the present invention is illustrated where slider 1 is both
mechanically and electrically connected to a composite or laminated
suspension 3. The suspension 3 comprises a base layer 11, an insulating
layer 10 formed on the base layer 11, and a patterned conductive layer 9,
12 formed on the insulating layer 10. The base layer 11 may be a stainless-
steel sheet. The insulating layer 10 may be a polyimide layer and the
patterned conductive layer 9, 12 may be a copper layer. The back side 13
of slider 1 is mechanically attached to suspension 3. This is accomplished
by epoxy adhesive 8 which adheres the back side 13 of slider 1 to
suspension 3. Alternatively, the suspension 3 could be formed as a etched

flex cable bonded to a stainless steel base layer.

At trailing edge 18 of slider 1, a thin-film transducer 14 is formed.
This thin-film transducer may be any type of magnetic transducer including
a read/write inductive head, a magneto-resistive (MR) sensor, or an MR
head. The pole tips of transducer 14 extend out to the end of the trailing
edge 18 where it meets the fluid bearing surface 2, here an air bearing. The

conductive leads for transducer 14 terminate at two electrically separate
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of flux after soldering. Because of the natural hem spheric&l expansiaon. o
selectively flattened bunps upon reflow, the alignment of tRepgibi Vi
suspension's patterned conductive |layer during fabrication
that the sol'der bunps be in contact to nmake a solid electrically conductive
solder fillet joint. Whil e the inveption has been particularly
shown and described with reference to a p erred enbodinent, it will be
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t he inventi oncontact pads 12 by right angled solder fillet joints 16. Contact pads 12 are

part of the conductive lead structure etched into the patterned canductive
layer 9, 12.- The conductive lead structure contains conductor lines that
‘travel the length of the suspension 3 and make connection to actuator arm-
electronics termination pads or an electronics package {not shown in the
figure) that delivers signals to the disk drive read/write electronics. Thus,
these conductor lines transmit signals generated by the transducer 14
representative of data bits recorded in the magnetic storage medium passing
“over transducer 14 at air bearing surface 2 to read/write electronics of the
magnetic storage system. However, the conventional conductive lead
structure of a twisted pair of wires may also be used in the present

invention.

Referring now to Figure 5, there is depicted a perspective view of the
slider-suspension assembly according to the present invention. The
rhagnetic transducer has electrical leads formed on the trailing edge 18 and
terminating at termination pads 5 that extend down almost to the corner
defined by the back side 13 and trailing edge 18. This perspective shows
that slider 1 has two thin-film transducers formed on trailing edge 18. Each
transducer has two electrical leads that terminate at termination pads 5.
Alternatively, the termination pads 5 comprise the four leads of an MR head.
Termination pads 5 are connected to t'he suspension termination pads 12
and conductive lead structure 9 by right angled solder fillet joints 16.

- The process of assembling the slider-suspension of the present
invention begins with the fabrication of the slider. Referring to Figure 6, the
slider 1 is fabricated using a photolithographic deposition-etching process.
The thin-film head is deposited in layers on a wafer formed of a ceramic
material, such as a mixture of alumina (Al,0,) in titanium carbide (TiC). The
last two masks used. in this photolithographic process are a copper stud
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21 CLAI'MS: 1. A nethod for making an el ectri cal conne
the steps of: formng a solder bunp on a ter

_first device and a contact pad of a second device, wherei

the one or nore sol der bunps are selectiyegly flattened;

plating 4 connected to the transducer conductivé leads and then a layer of -
copper plating which creates termination pads 5. An appropriate seed layer
is used between copper and the underlying alumina on the slider to provide -
improved adhesion. Solder is then applied to each of the termination pads
5. These solder bumps 6 are composed of a solder alloy which have been
formed and flattened on the termination pads. The solder bumps extend
down ta the corner defined by the back snde of the slider and the tralhng
edge. Once the slider is bondéd to the suspens:on. these solder bumps
éxtend up to the suspension surface. Sliders used in the prior art had solder
bumps on the transducer’s termination pads which were small, of circular
cross-section and with rounded tops, for example see United States Patent
No. 4,761,699. The preseht invention provides a slider with solder bumps
on the transducer termination pads which are large, of a square or
rectangular cross-section and with flattened tops. This can best be seen
with reference to Figure 6 and Figure 7. |

There are several methods of applying the solder. In one methpd, a
500-1000A thick layer of immersion gold is plated over copper termination
pads 5. Solder paste, such as a 58% BI-42% SN, or 63% SN-37% PB, or
any other solder alloy suitable for this application, is then screened using a
screen printer, and the paste reflowed in a multi-zone infrared furnace
having a nitrogen atmosphere. The solder flux is then cleaned from the
wafer. In another method, the solder is applied to the termination pads B
by electroplating or vapor depositioﬁ, both of which are well known by
those skilled in the art.-

The bumps created by electroplating or vapor deposition are naturally
formed with flattened tops. The soider bumps which have been created by
the reflow method are of a round, generally spherical or hemispherical
shape. This is due to the natural tendency of the solder to attain a minimum

surface energy upon reflow. Thus, while in a liquid state, the solder will
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termnation pad is properly aligned with the contact pad; jnd Vv
_heating the solder bunps so as to reflow the termnation p @%H--%o%t@ctjggﬁ-

pad. bunps. such that they electrically connect, wherein a selectively.
flattened bunp expands radially in-a diregbion to make contact w th anot her
. bunp upon heati ng. 2. A nmet hod accordfmg to aim1l, wherein the step
of heating ifermettfiomatarabinemisphengalandusdishape. a Acxoedingtonthe present
junction of the two adjacent sol der bunps

invention, after the solder coals tgp a solid state, these solder bumps are
flattened to a desired height by controlled pressure. This may be
accomplished by placing' the wafer in a mechanical press which physically
smashes or deforms fhe solder bumps 6 until they achieve a desired height
above the trailing edge 18. An alternative method of flattening solder
bumps 6 is to place weights aver solder bump 6 and then reflow the solder.
It should be understood that'there are many other ways to flatten solder
bump 6. Moreove}, there are many angleé and shapes that solder bumps’ 6
may retain for pract'icing the present invention; all that is necessary is for
the solder burhp to be deformed or flattened such that it does not retain the
natural hemispherical reflow shape.

Figure 7 shows a perspective view of a slider with flattened solder
bumps on its termination pads, according to the present invention. As
shown in the preferred embodiment of Figure 7, flattening has created solder
bumgp thicknesses, as measured along the axis perpendicular to the trailing
edge, that are less than the bump width or length.

The process continues by dicing the wafer in the usual manner to
yield sliders. The sliders produced have solder pads with thicknesses
between 25 micrometers and 150 micrometers or between 5% to 15% of
the width of the'slider. The flattened bumps used on the slider of the
present invention avoid many of the processing disadvantages associated
with the round, hemispherical solder bumps used in the prior art. The
flattened bumps provide farge surface areas for lapping cable contact and for
quasi test probing.

-, _ Referring now to Figure 8, suspension 3 is prepared by forming soider
- bumps 19 to contact pads 12. These solder bumps may be applied to
suspension 3 in the same manner that solder bumps 6 were applied to slider
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1. Additionally, salder bumps 19 may be ﬂatte'ned in the same way as
salder bump 6, for example by mechanical pressing or by weighted-reflow.
A flattened solder bump 19 would have a top surface 15. Figure 9 shows

a perspective view of flattened solder bumps 19 on contact pads 12.

Figure 10 depicts a process for assembly of the slider-suspension
assembly, according to a preferred embodiment of the present invention.
The slider 1 is fabricated with solder bumps 6 formed on each of the
termination pads 5 Each of the solder bumps 6 are selectively flattened,
wherein a selectively flattened solder bump is defined herein as a solder
bump flattened such that it is not formed in the natural hemispherical shape
that the solder bump would attain if liquified upon reflow, and such that the
surface of the bump will extend or expand (or contract) radially in all
directions away from its corresponding pad when returning to its natural
hemispherical shape upon reflow. As can be seen in Figure 10, sele_ctive!y
flattened solder bumps 6 have a maximum dimension along an axis parallel
to the surface of thé termination pad 5. Thus, selectively flattened solder
bump 6 will expand at least in a direction normal to the flattened surface of
the bump.

Solder bump 14 is formed on contact pad 12 on the etched copper
surface of suspension 3. ‘Slider 1 is aligned atop suspension 3 such that
each termination pad 5 along with its corresponding selectively flattened
solder bump 6 is properly aligned with the corresponding contact pad 12.
Contact pad 12 is designed to act as part of a conductive lead structure that
runs along suspension 3 in etched conductive layer 9, 12 for connecting the
thin-film transducer termination leads with the read/write electronics of the
information storage system. The alignment places termination pad-solder
bump 6 adjacent to contact pad-solder bump 14. The back side of sﬁ&er 1
is mechanically bonded or attached to suspension 3 with epoxy 8. Figure
11 shows a perspective view of the slider properly aligned to the patterned
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| ocated on a second device; and ' a sol der f I%eﬂmﬁbvp@%

~electrically connecting the contact pad to the termnati :

heating two adj acent sol der bunps, one bunp being forned on the termnation
pad and the other bunp being fornmed on thg contact pad, so as toe reflow the
_ two sol der bunps together to create an eleetrical connection, wherein one

or both sol q:%?\dﬁh‘ﬁpé ‘ﬂ’e‘h@ﬁ ﬁ‘?&?g@%\%f {a?{art?ﬁ%dﬁosfﬁé‘sﬁiﬁéﬂmmmsﬂwwc or ned

in the natural "hem spheri e solder bunp would attain if

liquified, and stegloftHeatingthessoider bomps w réflewptheimriatt $e yighy aggled

direction to make_contact w th another bunp when
solder fillet joints.

Solder bump 6 and solder bump 14 are _theh heated by laser beam 17,
while being flooded by a flow of nitrogen gas. Laser beam 17 is produced
from a YAG laser which is focused and shined at the junction of the two
adjacent solder bumps 6 and 14. The power applied can vary depending on
the volume of the solder bump or the melting point of the salder. Typically,
the process will require approximately 400 mJ. If solder bumps 6 and 14
have been aligned such thét they are directly in contact or in sufficiently
close proximity, the laser beam heating will cause the solder bumps to
reflow and make electrical connection. This occurs because solder bump 6
is a selectively flattened solder bump prior to heating by laser beam 17.
Upon melting, selectively flattened solder bump 6 will return to its natural
hemispherical shape 7 to minimize its surface energy, as can be seen in
Figure 10. As selectively flattened solder bump 6 returns to shape 7, it
extends or expands out radially in a direction normal to its flattened surface.
This will cause liquid solder bump 6 to literally bump into and make electrical

contact with liquid solder bump 14.

The two solder bumps melt and fuse together in this fraction of a
second to form the right angled solder fillet seen on the completed slider-
assembly shown in the perspective view of Figure 12. This figure shows
four right angled solder fillets electrically connecting the termination pads of

the slider to the etched conductive pattern on the suspension.

" An alternative preferred embodiment of the present invention is
depicted in Figure 13. Slider 1 has been properly aligned atop the pattern
conductive layer 9, 12 and mechanically attached to suspension 3.

However, in this embodiment, suspension 3 has been prepared with a
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r-eturhi'ng to its natural hem spherical shape upon reflow,
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.for the fabrication of a data recording i nf or mation st orage ‘system

sl i der-suspension assenbly, the slider having a read and/or wite

transducer fornmed thereon with electrical /| eads termnating at term nation

-pads, and a suspensi on having a conductivédl ead structure including

conductive coqt acgt ee}?s t he met hod conprising the steps of:
selectively flattened solder bump formed on contact pad 12. Upon reflow
of solder bump 6 and 15, for example by a laser reflow process, both solder
bump & and solder bump 15 return to the natural hemispherical shapes 7
and 21. The addition of flattened bump 15 facilitates the forming of the
right angled solder fillet joint since both solder bumps expand towards each
other upon reflow. This further loosens the tolerance required in aligning
slider 1 with suspension 3, while increasing the likelihood of creating a solid

electrical connection between the termination pads and the contact pads.

As can be seen from the preferred embodiments, this assembly
process relaxes the tolerance required in aligning the termination padé with
the contact pads. Rather than require that the aligned pads’ solder bumps
be in contact prior to reflow, a certain amount of gap existing between the
solder bumps can be tolerated in the assembly process when utilizing
selectively flattened solder bumps. This is accomplished without sacrificing
the quality of the solder fillet joints or slider-suspension assembly vields.

By using a laser beam to reflow the solder bumps, the preferred
embodiments of the present invention avoid many of the disadvantages of
the prior art. The focused laser beam provides localized heating and thus
prevents temperature sensitive components such as an MR head from being
exposed to high temperatures. These high temperatures degrade the
magnetic properties of such sensitive 'devices. Moreover, such localized
heating produces a stress-free solder joint as neither the slider nor the
suspension is subjected to heat exposure. Another significant advantage is
that this process eliminates the use of flux in the reflow process. This
eliminates the additional processing _stép required to clean the flux from the
slider-suspension assembly subsequent to reflow. Another advantage to the
laser reflow process is that because of its rapid heating and cooling, a
metallurgically superior solder joint of very fine grain size and low and
intermetallics is created. Last, unlike the furnace reflow process, this is a
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form-ng a sol der bunp on each of the term nation pads andijeach Qf th@l
contact pads, wherein one or nore solder bunps are sel ect {jVi2dtg:. QI.N m
.placing the slider in contact with the suspension such th _ _
pads are properly aligned with the contact pads; and heat i ng
the sol der bunps so as to reflow the ter 2'Qation pad. and cont act. pad bunps
-such that they electrically connect, whe a selectively flattened bunp
expands radi &onyinugus Howe Manufactunied g CFOMX gompatitie sprockes thatpcapdre
heat i ng.

incorporated into automated assembly lines. While the preferred
embodiment utilizes a laser reflow process, it is understood that
conventional reflow methods, such as heating in an infrared belt furnace,

may also be used to practice the present invention.

The presént invention provides a slider-suspension assembly for an
information storage system where the read/write transducer termination
pads located on the slider have selectively flattened solder alloy bumps
formed thereon that are reflowed to solder bumps on the contact pads of a
laminated suspension. The soldering is achieved by a fluxless laser reflow
process providing local heating of solder and not affecting heat sensitive
transducer cbmponents such as an MR head, and not requiring any cleaning
of flux after soldering. Because of the natural hemispherical expansion of
selectively flattened bumps upon reflow, the alignment of the slider on the
suspension’s patterned conductive layer during fabrication daes not require
that the solder bumps be in contact to make a solid electrically conductive
solder fillet joint.

While the invention has been particularly shown and described with
reference to a preferred embodiment, it will be understood by those skilled
in the art that various changes in form and detail may be made therein

without departing from the spirit and scope of the invention.
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conprising the step of attaching the slider to the suspension by epoxy

-bondi ng.

_1 . A method for making an electrical connection comprising the steps of:
forming a solder bump on a termination pad of a first device
and a contact pad of a second device, wherein at least one of the one or

more solder bumps are selectively flattened:

6. - A nethod according to Caim5, wherein the step of heg}

performed by focussing and shining a | aser beamat the jun tb@t@:_(_)z QVN(]V 1395 '
adj acent sol der bunps. 7. A net hod according to O ai m é=wherol q T HE " "

| aser is a YAG | aser. 8. A method according to Claimb5, further -

9. CLMt hod according to C ai?#5, wherein all sol der bunps are :

placing the first device adjacent to the second device such that -

~ the termination pad is properly aligned with the-contact pad; and

heating the solder bumps so as to reflow the termination pad
and contact pad bumps such that they electrically connect, wherein a
selectively flattened bump expands radially in a direction to make contact

with another bump upon heating.

2. | A method according to Claim 1, wherein the step of heating is
performed by focusing and shining a laser beam at the junction of the two

adjacent solder bumps.

3. A method according to Claim 1, wherein a solder bump is selectively
flattened by using controlled pressure.

* c L M ] *




selectively flattened.
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‘A met hod accor di ng to Caimb5, wherein a sol der burmp is gl ecti gby
fl attened by using controll ed pressure _11 A et hod rc%ﬁedi-- tm%{%ﬂ

*5, wherein the information storage

22
4.  An electrical connection comprising:

a termination pad located on a first device;

a contact pad located on a second device; and

a solder fillet joint electrically connec_tihg the contact pad to the
termination pad formed by heating two adjacent solder bumps, one bump
being formed on the termination pad and the other bump being formed on
the contact pad, so as to reflow the two solder bumps together to create an
electrical connection, wherein one or both solder bumps are seleétively
flattened such that each is not formed in the natural hemispherical shape
that the solder bump would attain if liquified, and such that the solder bump
will expand radially in a direction to make cantact with another bump when
returning to its natural hemispherical shape upon reflow.

o
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systemis a nmagnetic storage system and.wherein the slider |jha E LACE%%%TSE'EET

thin-filmtransducer formed thereon. UNUV‘QQS
25. 12. A slider-suspension assenbly for an i nforrratlon stlorage gVSTERY™ """

conpri si ng: 23

_5. A method for the fabrication of a data recording information storage

system slider-suspension assembly, the slider having a read and/or write
transducer formed thereon with electrical leads terminating at termination
pads, and a suspension having a conductive lead structure including

conductive contact pads, the method comprising the steps of:

forming a solder bump on each of the termination pads and
each of the contact pads, wherein one or more solder bumps are selectively
flattened;

placing the slider in contact with the suspension such that the

termination pads are properly aligned with the contact pads; and

heating the solder bumps so as to reflow the termination pad
and contact pad bumps such that they electrically connect, wherein a
selectively flattened bump expands radially in a direction to make contact

with another bump upon heating.

6. A method according to Claim 5, wherein the step of 'heating is
performed by focussing and shining a laser beam at the junction of two

adjacent solder bumps.
7. A method according to Claim 6, wherein the laser is a YAG laser.

8. A method according to Claim 5, further comprising the step of
attaching the slider to the suspension by epoxy bonding.

9. A method according to Claim 5, wherein all solder bumps are -
selectively flattened.
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a slider; a transducer formed on the slider aﬁﬁplh%vrn

electrical leads termnating at term nation pads; _ . 20 NUV
ssuspensi on having a conducti-ve | ead. structure including canfact-pads
slider being placed in contact with the s %pensi on such that the contact
pads are aligned with the term nation padé__and a plurality
-of solder fil1@t |Aimdthog! Rlordiv@l doYCRARANE ClhBEkeih ResN88t BainpPRteIéivdIp
termination pads, each fillet being formed by heating

flattened by using controlled pressure. :

11. A method according to Claim 5, wherein the information storage
system is a8 magnetic storage system and wherein the slider has a magnetic

thin-film transducer formed thereon.

* c L M s *
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two adj acent sol der bunps forned on pads so as to reflowffhe tV\ﬁ giqve!%
bunps together to create an electrical connection, one bujihdaei Qlf acned.
hH-aet—at— e e 1

.to a term nation pad and the other being attached to a co
one or both sol der bunps are selectively 2battened such that it is not
formed in the natural henispherical shape that the sol der bunp would attain
-if 1iquefi edl2andAssliderisuapensienbassembly] farx panthfoerdation ysiofage fvis&éeM.on to
make .contact with another bunp when returning to its natural hem spheri cal
shape upon reAMBUSING: 13, A sl der - suspensi on assenbly according to Cl aim
12, wherein the termnation pad bunp is a selectively flattened sol der

bunp. = 14. A slider-suspension assenbly according to daim 12, wherein

t he a slider;

a transducer formed on the slider and having electrical leads

terminating at termination pads;

a suspension having a conductive lead structure including
contact pads, the slider being placed in contact with the suspension such

that the contact pads are aligned with the termination pads: and

a plurality of solder fillet joints electrically connecting the
contact pads to the termination pads, each fillet being formed by heating
two adjacent solder bumps formed on pads so as to reflow the two solder
bumps together to create an electrical connection, one bump being attached
to a termination pad and the other being attached to a contact pad, wherein
one or bath solder bumps are selectively flattened such that it is not formed
in the natural hemispherical shape that the solder bump would attain if
liquefied, and such that the bump will expand radially in a direction to make
contact with another bump when returning to its natural hemispherical

shape upon reflow.

13. A slider-suspension assembly according to Claim 12, wherein the

termination pad bump is a selectively flattened solder bump.

14. A slider-suspension assembly according to Claim 12, wherein the

contact pad bump is a selectively flattened solder bump.

15. A slider-suspension assembly according to Claim 12, wherein the

suspension is formed as a laminated structure comprising a base layer, an

* [ L N s *
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.contact pad bunp is a selectively flattened sol der. bunp. 23
slider-suspension assenbly according to Caim 12, wherein r[mé;u @nﬂﬂEM

formed as a | am nated structure .conprising a base | ayer, ak

" REPLACEMENT SHEET 26 insulating
| ayer forned on the base Iayer and a paﬁfhr ned conductlve | ayer

insulating layer formed on the base layer, and a patterned c_onductwe layer

formed on the insulating layer.

16. Aslider-suspensionassembly according to Claim 15, wherein the base
layer is stainless steel, the insulating layer is a polyimide, and the conductive

layer is a copper alloy.

17. . A slider-suspension assembh}' according to Claim 12, wherein the
suspension is formed as a etched flex cable bonded to a stainless steel base

layer.

18. A slider-suspension assembly according to Claim 12, wherein the

transducer is a read/write transducer.

19. A slider-suspension assembly according to Claim 12, wherein the

transducer is a thin-film magnetic transducer.

20. A slider-suspension assembly according to Claim 19, wherein the
magnetic transducer is an MR head.

21. A slider-suspension assembly according to Claim 19, wherein the

magnetic transducer is an inductive transducer.

A O



formed on the insulating layer. 16. A slider-suspension faé@WMENTSHEET

according to Caim15, wherein the base |ayer is stainless [$teel, 22
insulating layer is a-polyimde, and the conductive |ayer i ;tDétecop‘ ﬂNQYlS%

al | oy. 17. A slider-suspensi-on assenbl y,-according to G aim1I1Z Wwherern
the suspension is forned as a etched fl ex—eebl e bonded to a stainless steel

‘base layer. 278. adiftormatioR 4861A88! Y3tamseabiptisigording to daim12,
wherein the _ '
a storage medium having a plurality of tracks for recarding of

data; -
a slider;

a transducer formed on the slider and having electrical_ leads

terminating at termination pads;

a suspension having a conductive lead structure including
contact pads, the slider being placed in contact with the suspension such
that the contact pads are aligned with the termination pads, the suspension
maintaining the transducer in a closely spaced position relative to the
storage medium during relative movement between the transducer and the

storage medium; and

a plurality of fillet joints electrically connecting the contact pads
to the termination pads, each fillet being formed by heating two adjacent
solder bumps formed on pads so as to reflow the two solder bumps together
to create an electrical connection, one bump being attached to a termination
pad and the other being attached fo a contact pad, wherein one or both
solder bumps are selectively flattened such that it is not formed in the

- natural hemispherical shape that the solder bump would attain if liquefied,
and such that the bump will expand radially in a direction to make contact
with another bump when returning to its natural hemispherical shape upon
reflow;

actuator means coupled to the suspension for moving the

transducer to selected tracks on the storage medium; and

* c L N S *



. i nductive transducer.
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transducer is a read/wite transducer. 19. A slider-sugpensi E?ﬂ?vm
according to Caim12, wherein the transducer i's a thin-fi Imtaaz ekt

_transducer. 20. A slider-suspension assenbly according L
~ wherein the magnetic transducer is an MRagead. 21. A slider-suspension
assenbly according to Caim19, wherein THE nmagnetic transducer is an '

means coupled to the suspension lead structure for reading

signals transmitted by the transducer representative of data bits recorded in
the information storage medium. |

23. An information storage system according ta Claim 22, wherein the
coupled means provides signals to the magnetic transducer for writing data

bits in the magnetic storage medium.

24. An information storage system according to Claim 22, wherein the
coupled means receives signals from the transducer that represent data bits -

recorded in the information storage medium.

25. An information storage system according to Claim 22, wherein the
transducer is 3 magnetic transducer formed as a thin-film on the trailing

edge of the slider.

26. An information storage system according to Claim 25, wherein the |
coupled means detects resistance changes in a magnetoresistive material
residing in the magnetic: transducer responsive to magnetic fields
representative of data bits recorded in the information storage medium

intercepted by the layer of magnetoresistive material.

T O
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medi um having a plurality of tracks for recording of dataj Date-:.z.ﬂ NUV '9951

_slider;

29

emmanmeniie

27. A slider suitable for a slider-suspension assembly for an information

storage system, comprising:

"a bady having a fluid bearing surface, a back side oppasite the
air bearing surface and a trailing edge oriented generaily perpendicu[arto the

back side and the air bearing surface;

a transducer formed on the slider and having electrical leads

terminating at termination pads; and

solder bumps formed on the termination pads, each solder
bump being selectively flattened such that it is not formed in the natural
hemispherical shape that the solder bump would attain if liquefied, and such
that the bump will expand along an axis not parallel to the corresponding
termination pad when returning to its natural hémisphericai shape upon
reflow.

28. A slider according to Claim 27, wherein a solder bump is selectively

flattened by controlled pressure.

29. A slider according to Claim 27, wherein a solder bump is formed by

vapor deposition such that the bump is selectively flattened.

30. A slider according to Claim 27, wherein a solder bump is formed by

an electroplating process such that the bump is selectively ﬂa'ttened.

R
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a‘transducer fornmed on the slider and having electrical le
at term nati on pads; a suspension having a ¢
structure including contact pads, the slider being placed i
t he suspension such that the contact pads are aligned with
pads, the suspension nmaintaining the transdycer in a closely spaced
position relative to the storage nmedi um dutRg rel ati ve novenent between
the transduced!andAthethsidiondeoriatingeldttiely flattened solderddthy térnbih%tigh
fillet joints g& e{:t ri (iaH | y- connecting the contact paés

padsior a slidersuitable for a slider-suspension assembly for an information

storage system, the method comprising the steps of:

forming solder bumps in their natural hemispherical shape on the
termination pads of a slider; and

selectively flattening the solder bumps by controlled pressure.

32. A method according to Claim 27, wherein a solder bump is selectively

flattened by using controlled pressure.

A



to the term nation pads,

to create an el ectrical

each fillet being formed by heati
“sol der bunps formed on pads so as to reflow the two sol de

connecti on,
"<termnation pad and the ot her belng attached to a contact pad, mhereln one

or both sol der bunps are selectively flattened -such that
_in the natural hem spherica

shape that the sol der
| i quefied, and such that the bunp wll

one bunp being attach
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I tmzt&‘dﬁf‘ﬁﬁéﬁ

bl

it is not forned

bunp woul d attain if

expand radially-in a direction to

- make contact with ancdther bunp when returning to i-ts natural hem spherica
means coupled to the suspension
for noving the transducer to sel ected traQMB on the storage nedium and

shape upon reflow,
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nmeans coupled to the suspension | ead structure for reading gjignals
transmitted by the transducer representative of data bits rqcoﬁtd-e.dz.j.QLNQCVhBQS
i nformati on storage nmedi um 23. An information storage syst _

to Caim?22, wherein the coupled neans provides signals to the nagnetic
transducer for witing data . _

2/8
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bits in the nagnetic storage nedi um 24. An inforrrationl'stemmmsHEET '
according to Caim 22, wherein the coupled neans. receives $ignals fromtha . |
.transducer that represent data bits recorded in the infornjtbDas SIM% [
medi um 25. An information storage system according to :
the transducer is a magnetic transducer forned as a thin-filmon th
~trailing edge of the slider. 26. An information storage system according
to Caim25 wherein the coupled means giggects resistance changes in a
magnet oresi stive materi al

(Prior 4rt)

Fig. 3
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residing in the magnetic transducer responsive to magnetic filel'ds C
representative of data bits recorded in the information stor gBatgecﬁ OnNﬂV..,lgfﬁ |

i.ntercepted by the | ayer of nmagnetoresistive material. -
REPLACEMENT SHEET T ' 29 27. Aslider
suitable for a slider-suspension assenbly for an information
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storage system conprising: a body having a fl[liRFACAGEMENT SHEET

surface, a back side opposite the air bearing surface and a fraili qqmpﬁnﬁ
oriented generally perpendicularto the back side and the air (7% 'Pzgn """"""""""""
surface; a transducer formed on the slider and having e

electrical leads term nating at term nation pads; and . sol der
bunmps fornmed on the term nation pads, each 5ol der bunp being selectively
flattened such that it _is not formed instyge natural hem spherical” shape-

t hat the- solder bunp would attain if |igoefted, and such

4
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that the bunp will expand along an axis not parallel to th Rapm'l_'lli_rg;_'EET'
term nation pad when returning to its natural hem spheri call shape upon

r.ef | ow. 28. A slider according to Caim27, wherein a s
selectively flattened by controll ed pressure. 29. A sli
Cl aim 27, wherein a solder bunp is forned by vapor deposition such that the
Pbunp is selectively flattened. 30._ ., A slider according to daim 27,
wherein a solder bunp is fornmed by ﬁa_n_l ectropl ati ng process such that the
bump is selectively flattened. : .

L]
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termnation pads for a slider suitable for a slider-suspensifjon as eﬁ!gﬁ '

an information storage system the nmethod . conprising the st gpsatgf:
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for.m ng solder bunps in their natura

- termnation pads of a slider; and

€}

bunps by controlled pressure. 32.

. BRELAGEMENT ofiEET

hemi spheri cal shapf
sel ectively fl{

A-net hod accordi ng to Cla|n127

wherein a sol der bunp is selectlvely flattened by using controlled

pressure.

Fig. 12

[N}

8/8

-

10

}7
)
/




HEPLACEMENT SHEET

-----------------------------

TRANSDUCER HEAD SOLDER CONNECTIQON SYSTEM AND METHOD.
' ABSTRACT

A method for the fabrication of a data recording disk file slider-
suspension assembly, the slider being of the type having an air
bearing surface, back side opposite the air bearing surfaces and a
tralllnq edge having a read or write transducer formed as a thin
film thereon with electrlcal leads formed solely on the trailing
edge and terminating adjacent the slider back side at terminal
pads, and suspension having etched conductive lead structures and
conductive contact pads connected to the lead structures.

The method comprising the steps of forming a solder bump on each of
the termination pads and each of the contact pads, wherein one or
more solder bumps are selectively £lattened, mechanically attaching
the back side of the slider to the suspension, and_heating the
solder bumps sb as to reflow the termination pad and contact pad

bunps.



